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How to use this book 


This book has been carefully 
developed to help you understand 
the chemustry of the elements 

In it you will find a systematic and 
comprehensive coverage of the basic 
qualities of each element. Each two- 
p 


various levels of technical content and 


entry contains information at 





language, along with definitions of 


useful technical terms, as shown in 





the thumbnail diagram to the right 
There is a comprehensive glossary 

of technical terms at the back of the 
book, along with an extensive index, 
key facts, an explanation of the 
periodic table, and a description of 


how to interpret chemical equations 


The main text follows the sequence of 
information in the book and summarizes 
the concepts presented on the two pages. 


Technical 
definitions. 
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Substatements flesh 
out the ideas in the 
main text with 
more fact and 
specific explanation. 


Equations are 
written as symbols 
and sometimes 
given as “ball-and- 
stick” diagrams — 








Photographs and diagrams 
have been carefully selected 





see page 48 


Also .. explains 
advanced concepts, 


and annotated for clarity. 
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An element is a substance that cannot 



















be broken down into a simpler substance 
by any known means. Each of the 92 
naturally occurring elements is therefore 
one of the fundamental materials from 


which everything in the Universe is made. 
VY New York's Statue 
of Liberty has a pleasing 
green patina, but the 
copper is otherwise litle 
affected even after a 
century of exposure 

to the weather 


This book is about copper, silver and gold. 


These three elements are often called the 





“coinage metals” because they are used to 
make most of the world’s coins. One reason 
for this is that none of the coinage metals is 
very reactive with other elements, and 


therefore they are very resistant to corrosion. 


Copper 
Copper, a soft orangy-colored metal, 
was one of the first metals to be used in 
the ancient world. It has been exploited 
for at least 7,000 years. Its name comes 
rom the Latin, cuprum, which means 
“metal of Cyprus,” an island in the 
Mediterranean Sea where the Romans 
aad large copper mines. 

Copper is an excellent conductor of heat 
and electricity, and is found in most of the 
exible cables used in the world. Its softness 


also makes it suitable for tubing for water 





pipes and central heating systems, because 

it can be soldered easily and readily bent 

to fit around corners. Above all, it can be 
mixed with other metals to make extremely 





useful alloys such as brass and bronze. 


ae 
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Silver 
Silver is a white, shiny heavy metal. Its symbol is Ag, after argentum, 
a Latin word meaning “white and shining.” Silver has been sought 


* 





after since the earliest times and is regarded as a precious metal, just as 
gems are precious stones. Yet although silver is known for its precious 
value, only 16% of all the silver used in the world is used for coins and 
jewelry, while 40% goes to make photographic film. Much of the rest 
is used in industry and health services. Mirrors, for example, are 
mostly made by silvering the back of glass. 


Gold 
The chemical symbol for gold is Au, after the Latin word for gold, 
aurum. Gold is one of the rarest elements found on Earth and has been 
sought by people since ancient times. One of the reasons for this is 
that it is a soft metal that nearly always occurs in pure, or native, form. 
Ancient peoples could thus make use of gold along with silver and 
copper without special tools and without refining. 

Most of the world’s gold is in sea water, where it is too dispersed 
to be collected. On land it is found in veins and in small fragments 
in river beds and coastal sands. Its discovery has set 
off many gold rushes throughout the world. 

Gold resists corrosion better than 
almost any other material. It does not 
tarnish but remains a bright, lustrous, 
deep yellow color indefinitely. 
In fact this resistance to corrosion 
has made the metal vital in the 
electronics industry, where it is 

used, for example, to make 

electrical contacts. 








D An untarnished one-cent coin. Most 
copper-colored coins are made from an 
alloy of copper, tin and zinc. Many of the 
silver-colored coins we use today are an 
alloy of copper and nickel 

















Copper ores 


Copper is a metal that was deposited from 
hot sulfur solutions, created as volcanoes were 
erupting. The hot solutions concentrated the 
copper by up to a thousand times more than 
would be normally found in rocks. The resultant 
enriched rocks are called copper ores. 

As the hot fluid made its way from magma 
chambers through cracks and fissures in the rocks, 


copper ores were deposited in narrow veins. 





The island of Cyprus in the Mediterranean 
Sea is one such ancient volcanic area. The 
ancient Romans mined the ore there. 

The Romans only mined deposits of native 





copper, that is, copper metal that is not bound 

up in any compound. This pure form of copper 
was very easy to work and did not need refining. 
However, most copper occurs as compounds, 
especially as sulfides; and because they need to 
be refined, they have only begun to be used 
relatively recently. 


Chalcopyrite and bornite 
Chalcopynite and bornite are minerals containing 
both copper and iron sulfides. They are the source 
of half of the world’s copper ores 

Chalcopyrite is a brassy-colored mineral, while 
bornite is often a rich peacock-blue (in fact it is often 
called peacock ore). They were formed during intense 
volcanic activity, when hot liquids were pushed 
through fissures in the rocks, cooling and solidifying to 
yield minerals with a high metal content. Silver and 
were formed in much the same way, and for this reason 
the coinage metals are often mined together 

The sample shown here is made mainly of bornite, 
but if you look closely you will see the gold speckles 
of chalcopyrite as well 


> A piece of bornite or peacock 
ore with speckles of chalcopyrite. 









A Apiece of 
chrysocolla 


Chrysocolla 

Copper silicate and copper 
carbonate have a characteristic 
green color. Compare this 
picture to the copper 
carbonate patina on the 
Statue of Liberty on page 4 
The mineral shown here is 


called chrysocolla, a copper 


aluminum silicate. 













P Apiece of 
native copper. 





































magma: the molten rock that forms a balloc 
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upward 
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native metal: a pure form of a metal, not combined 





¢ common in poorly 
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ore: a rock containi 





to mak worthwhil 





paration of a mixture into the simpler 





refining 


sut es of whi 





ch it is made. In the case of a rock 





means the 





n of the metal that is mixed up 





rock 


silicate: a ilicon and oxygen 





mpound containir 





known a 





ound that contains no oxygen 


sulfide: a sulfur cor 






M@ vein: a mineral deposit different from, and usually 
e ‘ocks. Most mineral 
ar ng veins are deposits filling fractures 





Native copper 
Copper is not a very reactive 





ment 

Thus, like silver and gold, which are also slow 

to react chemically, it is sometimes found in pure 
form. A natural occurrence of pure copper is 
called native copper. The shape reflects the 
deep underground fissures in which it was 
originally deposited and is known as 

a dendritic pattern. 

The la 
native copper ever found 


gest piece of 





was in Minnesota 
It weighed over 
400 tons. 


<4 This is banded 


carbonate and a 
useful ore. 


malachite, a copper 





Reducing copper oxide 


Copper is mainly found in the form of a black 
ore, copper oxide, or a brassy-colored ore, OV The black copper oxide 
copper sulfide. In both cases the metal has to is placed in a special glass tube 


be separated from its compound. with a small hole near the 


rounded end. At the start, the 


~ de z SaaS ; 
The demonstration on this page shows how tube is fuller This Gaerne 


copper can be extracted from its compound. :way by pumping in carbon 
The ore is copper oxide, a compound of monoxide gas, 
copper and oxygen. To obtain pure 
copper the oxygen has to be removed, 
using a process called reduction. - 
The reducing agent used here is a 
carbon monoxide gas, which 1s colorless 
but inflammable. The reaction produces 
carbon dioxide gas, which is also 
colorless but does not burn. So the key 
to watching this sequence is to look for 
where the flame appears and disappears 
In this way you can tell which gas 
is in the tube! 





The bla 





heated with a Bunse 





Carbon monoxide 
gas is passed in 
through this tube. 


O04 The copper oxide 
continues to be reduced, 
and the oxygen combines 
with the carbon monoxide 
to form carbon dioxide 
Carbon dioxide does not 


ignite, so the flame goes out 





oxide 


reduction: the 





OAP Reactions between elements and 


compounds are often very slow at room 


temperature. To speed up the rate of reaction 





the copper oxide is heated using the flame 
from a Bunsen burner 

The blue flame coming from the small hole 
in the tube is produced by burning carbon 
monoxide gas. Notice that the copper oxide 
is glowing orange on the surface, which 


shows that the oxygen has been removed 





EQUATION: Reduction of copper oxide to copper 
OA Eventually all of the ai EP 


4 : Copper oxide + carbon monoxide > copper + carbon dioxide 
oxygen is removed from the 


Y(s + : ts us 
copper oxide powder, and Sue ee ; ee 5° 





only copper is left Copper 


\ 


oe . 


Oxygen Carbon 











Mining and smelting copper ores 
g and smelting copp 

About nine-tenths of the world’s reserves of copper are found in 

just four areas: the great Basin of the western United States, central 
Canada, the Andes regions of Peru and Chile, and Zambia. In each 

| case the extraction of copper is of crucial importance to the country. 

In the case of Zambia the reserves are the mainstay of the country’s 
Copper Belt.” 
The largest deposit of copper in the world is at Chuquicamata, Chile; 


economy, with a chain of major cities making up the 


but the largest refiner of copper is the United States, which also boasts 
the world’s largest copper mine, in Utah. 

The amount of copper in the ground is relatively small, and most 
of it occurs in low-grade ores that have to be processed twice 
to extract the copper. This is why it is important to reuse as much 
copper as possible, and why about one-third of copper consumed 
in most industrial countries is recycled from scrap. 


Mining “ 
Over 90% of the world’s copper ore is 
obtained by strip mining in vast open- 
cut mines. Large blast holes are drilled 
in the ore, the material is blasted loose, 


and it is then put into dump trucks and 





taken to the enriching plant 


> Copper ores can be mined with as little as 
about one-half of 1% copper content. This picture, 
from Arizona, shows one of the world’s most 
important copper mines 

The total world reserve of copper is just over 
200 million metric tons. It will provide enough 
copper to last about 50 years. 


Concentration 

Most ore contains only about 1% metal, 
so the ore must be concentrated before 

. This 

is done by first pulverizing the ore, then 





it is sent for smelting and refinin: 


separating it by flotation, and finally 
drying it. At the end of this process the 
metal-to-ore ratio is about one to three 

















The ore-flotation method ® gangue 
The flotation method is a way of separating ore mineral from 
(rock that contains no metal), thus enriching the ore before final processing. 





The ores to be enriched are first ground to a fine grit. which still contains 
particles of copper mixed up with gangue. To separate the copper particles 


from the gangue, the grit is introduced to a bath of water containing a 





foaming agent, whic hy produces a kind of bubble bath combined witha 
special oil-based chemical that makes the copper particles water-repellent 
repellent 
picked up by the bubbles of foam and float to the 


When jets of air are forced up through the bath, the wate: 








copper particles ar 
surface, making a froth. The froth is skimmed off the surface, and 
the enriched ore is taken away for refining 


g Water, oil, detergent Mineral particles 
4 and ore mixture suspended in froth 





Froth separation 


D> This diagram shows 
the principle of the 
froth flotation process. 


Oil and detergent 
recycled 


. 


Gangue ——— Desired product 


Smelting 
Most copper ores are difficult to refine. although smelting removes 
most of the impurities from the enriched ore. The easiest ores to 
smelt are the copper oxides. Carbon monoxide gas needed to reduce 
the ore is produced by heating coke, a source of carbon, and feeding 
in a jet of air. This carbon and oxygen from the air react to form 
carbon monoxide, which reduces the copper oxide to copper 
The copper can then be tapped from the base of the furnace 

Copper sulfides present greater difficulties. The copper is 
removed by heating and the process may require the introduction 
of oxygen. At the same time, the sulfur is oxidized to sulfur dioxide 
gas. Since sulfur dioxide is one of the major contributors to acid 
rain, many modern factories recover as much of the gas as 
possible to be used in the production of sulfuric acid. 


EQUATION: Reduction of copper ore containing 
both oxides and sulfides by heating 





fide + r oxide = r + sulfur dioxic ‘A Molten copper being cast 
Copper sulfide + copper oxide ® copper + sulfur dioxide ora Lae 
Cus) + 2Cu0~) 4 3Culs + SOx(g continuously rotating wheel | 


is used for this process 


(1) | 








Electrical refining of copper 


Even the best of chemical reactions cannot completely remove all of 


the lnpurities In a metal, 


so ores refined in a furnace do not produce 


pure metals, This is why many metals are refined to their final stage 
of purity by electrical means in a process called electrolysis. 

Impure copper from the furnace is used as one of the electrodes 
of an electrolysis cell. The other electrode is made from a thin sheet 
of pure copper. The copper is then refined by placing the two 
electrodes in a copper sulfate 
bath and passing a current 
between them. The impure 


co 


and copper ions pass through 


the 


the cathode sheet as pure 








co 


acquired a sufficient thickness 
of pure copper, it is lifted 
from the electrolysis cell and 
replaced with a new electrode. 
Similarly, when the anode has 
corroded completely away, it 


is replaced with a new ingot 


of 


cathodes are then melted 


down and made into wire 


oper. 


When the cathode has 


smelted metal. The 


and sheet metal 


demonstration of electrolysis 


he laboratory 


and the giant industrial 


yper on the anode corrodes, 


: electrolyte, collecting on 


equivalent are shown on 


these pages 


Copper cathodes, he d wit 


ar 


e lifted from the ele 








electrolysis: an al process that 









Laboratory electrolysis 


z the breakup of 
A demonstration of electrolysis can be done using 


1 ions 
a beaker and two copper strips. A dry battery serves many natural 
as the source of electrical current. The electrolyte is nd is also 


hy Pe 





r 





agent quality copper sulfate solution. 
are evident within 





hee 


Signs of corrosion and plati 


minutes, and a completely corroded strip can be 









I electrolyte: a solution that conducts electricity 
produced within a day or so. = 

fa slag: a mixture of substances that are waste 

IB products of a furnace 

_E: 


Battery 







A The process of 
electrolysis is shown 
here in a laboratory 
demonstration using 
two copper electrodes 
and copper sulfate 
solution as the 
electrolyte 


Pure copper deposited 
on the cathode 


Copper sulfate 











solution ; 
ess of refining copper 
by electrolysis, several rare metals 
such as silver and gold are also 
obtained from the ore. The 
recovery of these helps to pay 
note the huge cost of electrical energy 


used to refine copper 


> After a few hours the 
anode has corroded during 


electrolysis. By contrast, Cathode on 
the cathode has been which the metal 
is deposited 


plated with pure copper. 








Copper as a metal 


About nine million tons of copper are used 


every year in a wide variety of ways. About 
half of all copper is used in the electrical 
industry (see next page). Copper is also used 
for water pipes, roofing, locks and hinges, 
coins, and vehicle radiators. 

Many of these uses have come about 
because, of all the common metals, copper 
is outstanding in its resistance to attack by 
oxygen and water. Copper only changes 
to copper oxide when the temperature 
reaches 300°C. It is not corroded by water 
or steam, which is why it can be used for 
hot and cold water systems and central 
heating and air-conditioning systems. It is not 
even affected by most dilute acids, although 
concentrated nitric acid reacts violently with 


copper, as shown below. 


4 





A Heated copper compounds 
produce a characteristic blue flame. 


<4. The picture on the far left shows fuming 
concentrated nitric acid being poured on to copper 
turnings (finely divided copper that provides a large 
surface area for fast reaction). The picture on the 
near left shows the resulting reaction. The copper 
is transformed into blue copper nitrate and large 
amounts of nitrogen dioxide are given off 





EQUATION: Copper and fuming nitric acid 


Copper turnings + fuming nitric acid «> copper nitrate + water + nitrogen dioxide 
Cus A 4HNO;(1 5 Cu(NO3)2(s + 2H,0(1 +  2NOs(g) 





e 14). 





The reactivity of copper 
Metals can be arranged in a list, with the most reactive at 
the top and the least reactive at the bottom. Many metals are a 





subject to corrosion when placed in damp air or damp soil 












The most vulnerable of all are the most reactive elements 
Copper comes near the bottom of the reactivity series 
because it is only slightly reactive. This low reactivity 
means that copper objects can be placed out in exposed 
locations without fear that they will corrode away 





REACTIVITY SERIES 
Element Reactivity 








potassium | most reactive 
sodium 

calcium 

magnesium 

aluminum 

manganese 

chromium 

zinc 

iron 

cadmium 

tin 

lead 

copper 

mercury 

silver 

gold 

platinum least reactive 


> Copper is 
a good conductor 
of heat. This makes 

for efficient use of energy 
and precise control of the 
cooking temperature when copper 
is used for cooking implements 
such as this jam-making pan. 














<4 Copper is widely used for 
decorative metalware, either 
as pure copper or as an 

alloy such as brass. 






A Copper is used for water- 
carrying pipework because 
water will not corrode it 














Copper as a conductor 


All metals have the ability to transfer, or 
conduct, heat and electricity; however, copper 
is among the most efficient at conducting both. 
An electric current is simply a flow of 
electrons. Metals can conduct electricity 
secause they are made up of a “honeycomb” 
(known as a lattice) of positively charged ions in 
a “sea” of electrons. In the case of copper, these 
electrons are not bound to any one copper 1on 
but can move freely. This is what makes copper 
such a good conductor of electricity. 
When heat is applied to copper, the atoms 


of the metal vibrate and pass energy across the 





1oneycomb. Copper conducts heat better 
than most metals because of the arrangement 


of its atoms. 


¥ This diagram shows how the tiny 









electrons in the copper wiring are free to 
move easily in the honeycomb framework 
provided by the copper atoms. 





Copper wire 


Electrons 


Direction of current 







































<4 Looking through the inside of a large electrical 
motor. The copper wire carries the electrical current 
that generates the magnetic field that, in turn, causes 
the drive shaft of the motor to turn. 








Copper in printed circuits 
A printed circuit is made from a 
rigid baseboard of insulating material 
with conductors stuck to its surfaces 
To make a printed circuit, a sheet of 
copper foil is stuck to both sides of the 
baseboard. The copper foil is then 
sprayed with a film of light-sensitive 
silver-based) material. A mask is made 
up of the connections that are required, 
and placed on the film. The film is then 
exposed to light and the board put into 
a photographic developer, which removes 
all undeveloped parts of the film 

Next the board is placed in an acid 
solution that dissolves away all parts of 
the copper not protected by the developed 
film. This leaves behind the pattern 
of connections on the board, ready for 
the electrical components to be added 


V A printed circuit board showing the conducting 
circuit of fine copper connecting the wide variety 
of electronic devices. 


3 is 
szazazaaaeaad 
tenn 














| Copper alloys: brass 


An alloy is a mixture of metals. Copper YP Brass is usually made from about 

o : . 64% copper and 36% zinc. Adjusting 

forms alloys more easily than most other ide proportions prntiees verreaite ene 
spate a ribs = Sk ee eereeor tes properties: for example, the alloy becomes 

metals. Each of the alloying metals gives the sealed usa Ge 


alloy its own special properties. Some metals can be added to give additional qualities, 
: i as the diagram on the right illustrates. 
make the alloy stronger, others change its 


color, make it easier to machine or make Copper Zinc 
it even more resistant to corrosion or wear. 
The metals most often alloyed with copper 
are shown on the next few pages. 


Brass 

Brass is one of the most widely used alloys. It is mainly 
copper alloyed with between 5 and 40% zine. Brass 1s 
often used for corrosion-resistant decorative purposes 
such as door hardware. It 1s much harder and stronger 
than copper and it will machine well 

The most common mixture of brass contains 36% zinc 





and is known as common brass. The properties of brass 
can be altered significantly by adding small quantities 

of other elements. Those most commonly used are lead, SESE Chr 
tin, aluminum, manganese, iron, nickel, arsenic and 


silicon. For example, by adding up to 3% lead, the 





machinability of brass can be improved significantly. 


‘opper-rich brasses have special uses, such as making 
the percussion caps of ammunition; those with between Brass top and handle. 
The tarnished surface has 


10 and 20% zine are called gilding metals and are used 
awe: been cleaned using a solvent. 





for decorative brasswork and jewelry. This form of brass 


will take an enamel well and is easy to braze. This part of the jug 


As the amount of zine is increased still further, is made of copper. 





the brass develops the property of being easily shaped 

when hot. This material is used to make inexpensive 

but complex engineering shapes that are easy to machine. 
Howe 


alloy more susceptible to corrosion when the brass is 





r, even higher proportions of zinc make the 


placed in water. To counteract this problem, arsenic 
is added to the alloy. 

Tin can also be added to brass to improve its corrosion 
resistanc! 





nd tin-zinc-copper brasses, in which there 
is 1% tin, are known as admiralty brass because of their 
suitability for use on ships, 








(18) 





alloy: a mixture of a metal and various 
other elements. 


brass is used as the joining metal. 





4 brazing: a form of soldering in which 





‘A. Brass is commonly used for musical 
instruments because it is relatively light, 
easy to shape, strong even when thin 
and has an attractive color. 
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> The famous Benin 
bronzes from southern 
Nigeria are highly 
regarded pieces of art, 
the earliest of which 
were made 700 years 
ago. Most Benin bronzes 
are however made of 
alloys that contain more 
zinc than tin and so are 
really brass. Their 
intricate shapes are 

cast using the lost-wax 
process. 


Decorative brass has a 
low zinc content (usually 
between 10 and 20%). It is Tarnished surface 
called architectural brass. from exposure to 
air (see page 28) 






Shape-changing brass 
A form of brass can be made 
that changes its shape above 
a certain temperature and 
returns to its original shape 
when it cools down. 

This “memory” brass 

can be used to operate 


safety devices and other 





applications. It is used, for 
example, in the automatic 
switching devices in many 
electric jugs and kettles. 

















Copper alloys: bronze 
Bronze is an alloy of copper that is significantly 
different from brass. Bronze is a copper alloy with 





tin as its major secondary constituent (brass is 


AY Bronze is usually made from about 
78% copper and 12% tin. The less tin, the 


an alloy with zinc, as described on page 18). 


Bronze has been used since ancient times softer the metal will be. Usually no more 
y s than 25% tin is added. 
for decorative metal objects and also for coins. Adding zinc and lead to the bronze alloy 
ees S apiherorie Seles sd. giving — Produces material that is much more 
t was one of the earliest metal alloys used, giving  {uitable for casting 
rise to the first metalworking age, known as the An alloy with about nine-tenths copper 
owe and equal proportions of the other metals 
Bronze Age, over 3,000 years ago. Bronze Age is called gunmetal. It was commonly used 
in cannons, not only for its corrosion 
people, however, did not know about alloying radiance buralea oc Ronee Tali, 
(mixing) metals but used copper ores that oe ae a et an eee 


Gettysburg during the American Civil War. 
naturally contained tin impurities. 


Copper cemmmme Tin 


/rought bronze yo 
Wrought bronze, also known as phosphor bronze, 
has a low tin content (perhaps 8% or less) and one- / 
x 


third of a percent phosphorus. It is commonly used | 





for bearings in machines or engines where shafts 


continually rotate. It is also used for coins 


“4A bronze coin with portrait of the Roman 
‘emperor Hadrian who reigned between |17 and 
138 A.D. This particular coin was minted sometime 
between 126 and 138 A.D. Despite being in damp 
soil for more than 1,850 years, the coin still shows 
a lot of detail from the original casting 


Gastight or porous bronzes 

If lead is used in bronze alloys, the 

alloy will run into any pores created 

as the molten alloy sets. Leaded bronze “S 


is thus gastight and can be used for 





pressure vessels. 
On the other hand, bronze can 
be made intentionally porous so that 
it can be used as a filter. For this purpose 
tin and copper powders are mixed, 





then heated in the absence of air. 
The result is a porous bronze 











Bell-making bronze Peedi se 


There is a wide range of specialized bronzes. each 
Up to q throug’ 
12% tin is normally used in making a bronze, 





one having its own distinctive propertie 





but up to 20% is used for bell-making bronze, 








which is little used for engineering. The brittle een in the 
iten bronze was poured into 
jowed to solidify before being taken 


d to shape and tune the bell 


of bell-making bronze makes the bells liable to 





is outweighed 





crack. However, this disadvantag 








by the particularly rich tones made by the me — 








V The famous Liberty Bell is kept in Philadelphia, Pennsylvania 
Bell metals like that used for the Liberty Bell contain 
20-25% tin and are very hard, giving them the appropi 
resonance. However, this also makes them very brittle. T| 
crack in the Liberty Bell is so bad that it cannot 
















Corrosion resistance 





on bronze is used in places where there isa 





great danger of corrosion, such as in a chemical 





plant. This alloy contains up to 3% silicon 





Bronzes made of alloys of aluminum and copper 


have similar properties 


A The Chinese, Romans and Greeks used bronze 
casting sculptures, and it is still used for 
this purpose today, as shown by the Bucking Bronco statue 
from Denver, Colorado, above. However, bronze is now 
considered expensive and labour intensive to use in 

= comparison with other alloys and metals available. 





extensively 

















Copper in the environment 


Both plants and animals need a certain amount 
of copper as part of their diets. In animals, 





copper is used in the body to help release A. 
energy and is usually found in protein. It is Z ; 
required as a micronutrient, that is, it is vital bil 


but is only needed in very small amounts. 
A Where the copper content of a soil 


Too little or too much can be dangerous. 
é is low, plants can suffer from poor growth 


Copper is a natural part of most soils and and become much more prone to disease 
ad by pl t aa, ce The different rates of growth from 
is used by plants too as a micronutrient SIS SAERGURES HORE EGER 


in this picture. The wheat on the left has 
an adequate amount of copper; the one 
on the right is copper-deficient. 


to aid growth. 


V Copper-based fungicide is commonly sprayed on fruit trees. 


ea” Teh 


Me 











Copper in gardens and farms micronutrient: an element that the body requires 


The main copper-based fertilizer is copper sulfate, 
which can be applied to the soil or to the leaves 
of growing plants as a spray, 


in small amounts. Another term is trace element. 





hat 





I protein: molecule elp build tissue 
and bone and therefore make new body cells 























aye Proteins contain amino acids 
Plants are able to benefit from a spray 


of copper, but many pests are not. Both copper 


nitrate and copper sulfate poison fungi (molds), _ is 
Copper and pollution 


algae and bacteria. For this reason copper salts are | ; F P 
i - Copper tailings, the waste products of copper 
used extensively by farmers and gardeners, BREE gs, the e poduets et coppe 


mines, contain high concentrations of copper. 





Copper sulfate has traditionally been used Re eaTeR ICR ; 
Fs t these levels they are poisonous to plants, 
to make a fungicide called Bordeaux mixture, eee ee Reus te Bien 

and waste heaps remain bare of vegetation. 


Le 
water does not reach nearby rivers. 


once used on the vineyards of the Bordeaux 
re has to be taken to make sure contaminated 





region of France. Seeds are also dipped in copper 


sulfate solution to prevent disease. 


4 This building 
is being sprayed 
with a copper- | 
based fungicide 
during construction 
to help protect it 
against attack 





Copper compounds 
as preservatives 

In the home and on 
exposed timber such 

as fences, copper salts 
can be used to prevent 
mold growing in damp 
areas. Copper sulfate is 
routinely added to 
wallpaper paste for this 
purpose. 





‘A Fenceposts and other wood intended for prolonged 
outdoor use is pressure-treated with copper and other 
compounds to prevent rotting | 














Copper sulfate 
One of the best known compounds of copper is copper sulfate 
(formerly known as blue vitriol because of its deep blue color). 

It is prepared by reacting copper oxide or copper carbonate with 
warm, dilute sulfuric acid. The solution then turns a translucent blue. 
To make copper sulfate crystals, the solution is evaporated until 
it is saturated (it can hold no more copper sulfate in solution). Large 
crystals of copper sulfate can be grown in this solution by suspending 
a small “seed” crystal in the saturated solution, around which larger 
crystals will form, Smaller crystals are produced by evaporating the 
solution to a small volume. Each technique is shown in the pictures 


on this page. 


O 4 Diluce sulfiuric 


acid is poured on to . 


black) copper oxide 


OP The reaction 


occurs as the 


reagents are stirred 








EQUATION: Producing copper sulfate 
Copper oxide + dilute sulfuric acid * copper sulfate + water 


CuO + H5SO,(aq G CuSO, (aq + H,0( 





Hydrogen 





Oxygen 
Copper 
24) 











WO 4 The solution J anhydrous: a term meaning that water 


ene mee has been removed by heating. Many hydrated 
b brich salts are crystalline. When they are heated and 

ecomes bright the water is driven off, the material changes 
blue. This is 


to an anhydrous powder 
copper sulfate 





u hydrate: a solid compound in crystalline 

dissolved in water. form that contains molecular water. Hydrates 
commonly form when a solution of a soluble 
salt is evaporated. The water that forms 
part of a hydrate crystal is known as the 
“water of crystallization.” It can usually be 

§§ removed by heating, leaving an anhydrous salt 


reagent: a starting material for a reaction 


<< Copper sulfate crystals like these of 
varying size can be grown from a saturated 
copper sulfate solution 





AD Crystals of hydrated copper sulfate (above) 
are deep blue, However, when the water is driven 

off, the substance changes to a very light blue powder, 
called anhydrous copper sulfate (right). 




















Copper colors 


A characteristic of many metals is that their 
compounds produce a variety of colored 
substances, usually quite unlike the color 
of the metals in their native state. 

Copper forms several such compounds. 
For example, copper oxide is black; copper 
carbonate is green; copper sulfate and 
copper nitrate are blue. Copper sulfide 





may be black or, if it is an ore, brassy 
yellow, depending on the amount of OA Nitric acid is 


iron it contains. being poured onto 
black copper oxide. 





Some examples of these colors are 
Nitrogen 





shown on this page, but other examples 
can be found on page 6. 
Oxygen 
EQUATION: Producing copper nitrate 
Copper oxide + nitric acid copper nitrate + water 
CuO) + 2HNO,() © Cu(NO,)6) + HO D This represents 


copper nitrate. 
OV Crstals of copper 
nitrate form. They are Z 
a brighter blue than Copper 
copper sulfate. 





Y Pure copper is an 
orangy color, as shown 
by these coppered nails 
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ereectcopmeicostine i gelatinous: a term meaning made with 
= : = BD water. Because a gelatinous precipitate is 
Copper corrodes in moist air due to the combined effects De eeets reek cic cioetnar eateries 





of copper, water, oxygen and carbon dioxide from the air. Bm wa d will float or lie suspended in 









This makes a pleasing green copper carbonate coating BB the hig 
known as a patina, or incrustation. A patina protects the WJ patina: a surface coating that develops 
surface of a substance from further attack and forms J on metals and protects them from further 





corrosion 


on both copper, brass and bronze objects. A 


EQUATION: How copper develops a green color when exposed to the 







environment 
Copper + carbon dioxide + oxygen (dissolved in water) = copper carbonate 
2Cu(s) + 2CO.(¢g' + Ox(aq eg 2CuCO,(s) 


> Preparing blue copper hydroxide 
Blue copper hydroxide gelatinous solid 
is formed by reaction of a copper sulfate 
solution with a sodium hydroxide solution. 
This precipitate shows where the drop 
of sodium hydroxide solution has 
reacted with the copper sulfate to 
produce a blob of copper hydroxide 
| exactly the same shape as the 
\ drop that entered the solution. 


: S 
EQUATION: Producing copper hydroxide 


Copper sulfate + sodium hydroxide = copper hydroxide + sodium sulfate 
Cu(OH),(s) + Na»SO,(aq) 


4 The Statue 

of Liberty has 

a green copper 
carbonate coating 


Precipitate 





A 





CuSO,(aq) + 2NaOH(aq 











<4 Gelatinous light blue copper 
hydroxide is changed to a 
soluble, very dark blue 
copper compound when 
concentrated ammonia 


solution is added. ae 


Nitrogen 










PD Arepresentation of Ouygen 


the structure of the copper 
complex that is formed when e@e 
excess ammonia solution is 
added to copper hydroxide. 


(27) 


Hydrogen 







































Silver 


| 
| Silver lies between copper and gold as one of the softest 
| metals. It is the best conductor of heat and electricity 
of all the metals, but its softness and relative rarity mean 
that it has not been put into widespread use. 

Silver, gold, platinum and mercury make up the 
noble metals. They share the common property that 
they do not oxidize readily when heated, and they 
will not dissolve in most mineral acids. Silver has been 
treasured since ancient times, and it is called a precious 
metal, as are gold, platinum, iridium and palladium. 

The main use of silver in the past has been 
for coins and jewelry. Even here softness is a 





problem, and silver jewelry and coins are 

actually alloys of silver and copper. In fact, 
silver coins are at least one-tenth copper. 
¥ Silver coins have been in existence for thousands 


of years. This is an example of a Greek tetradrachma 
showing Apollo. It was minted between 26! and 246 B.C 


A A silver Djambia scabbard from Yemen 
on the Arabian Peninsula. The silver denotes 
wealth and importance. 





Sterling silver 

Silver jewelry, cutlery 
and serving dishes are 
made of sterling silver. 





It consists of 92.5 


silver and 7.5 





the copper being used 
to make the silver 
harder and more able to 
withstand the occasional 
blow without denting. 








The reactivity of silver 
Metals can be a 





anged in a list called the reactivity series, with 
the most reactive at the top and the least reactive at the bottom. 

Silver is near the bottom of the reactivity series because it is 
only very slightly reactive. This low reactivity means that silver 
compounds are rarely produced in nature, and silver has very 
limited uses in chemistry. It will not react with the air to form 
oxides, although it does react with polluted air to form silver 
sulfide. This is, in fact, the chemical composition of the 
tarnishing seen on silver jewelry, cutlery and decorative ware, 
as described below. 


REACTIVITY SERIES 


“magnesium 
aluminum 
manganese 
chromium 


zinc 
iron 
cadmium 











Tarnish 
Tarnish is the dark brown or black film that develops slowly 
on silverware, especially in industrial cities. Silver does not react 
with oxygen, so tarnish is not an oxide coating. Rather, it is a 
reaction of the silver with hydrogen sulfide in the air, especially 
the air near industrial cities. The result is a black film of silver 
sulfide as shown on the fork above and to the right 

Some silver tableware can tarnish (for example, the ends of 
forks) because some foods contain hydrogen sulfide. Hard boiled 
eggs are an example. The hydrogen sulfide effect can also be seen 
in the dark ring around the yolk 


EQUATION: Tarnishing of silver 


Silver + hydrogen sulfide + oxygen © silver sulfide + water 
4Ag(s) + 2HS(g) + Ong) & + 2H,0() 





alloy: a mixture of a metal and 
various other elements 


noble metals: silver, gold, platinum 
and mercury. These are the least 


reactive metals 


precious metal: silver, gold, platinum 
iridium and palladium, Each is prized 
for its rarity. This category is the 


ccuivalentiokvemstanesfor mimersh 









reactivity: the tendency ofa substance 
to react with other substances, The term 
is most widely used in comparing the 

reactivity of metals. Metals are arranged 


in a reactivity series. 


¥ Silver metal reacts with 
hydrogen sulfide gas in the 
air to produce black silver 
sulfide. 




















Silver and silver ores 


Silver is a rare element, being 68th in the 
elements of the earth’s crust. Because it reacts 
poorly, it is sometimes found as native (pure) 
silver metal. This allowed the Egyptians, for 
example, to use silver nearly 5,000 years ago. 
Similar native deposits, called lodes, have been 
found in the Americas. This attracted Spanish 
colonists in the 17th and 18th centuries, and 
the discovery of the Comstock Lode in Nevada 
in the 19th century caused a silver rush. 
Outside these rare native deposits, silver 
is more commonly found as silver sulfide. 
Much silver is also found associated with 
other metals such as zine and copper, and 
is recovered as a byproduct of refining these 
more plentiful metals. 


Layers of sedimentary rocks are 
pushed up by the rising magma 


Hydrothermal veins in which 
minerals are concentrated. 





Rocks around the hot magma 
chamber are metamorphosed, 
or changed. 


Magma from below the Earth's crust 
initially heats the surrounding rocks 
but eventually cools to form granite. 


30) 


Hydrothermal veins and 
native deposits 
Native metals are found only in 
places that were once so hot that 
the metals existed in molten form. 
It is quite common to find deposits 
of all of the coinage metals 
together. This is because they are 
all products of hot liquids created 
during intense volcanic activity. 
Deep below volcanoes lie their 
source chambers, full of liquid 
rock (called magma) that has 
forced its way up from deep 
within the Earth’s crust. At the 
end of the volcanic activity, the 
magma chambers begin to cool, 
and many of the constituents 
crystallize out. At the same time, 
hot acidic liquids are produced 





that flow out from the magma into 
fissures in the surrounding rock. 
Here the hot solutions cool, and 
the various dissolved compounds 
solidify in fissures called veins. 

Veins contain a variety of 
minerals, including metal 
compounds and native metals. 
These are the rich “lodes” that 
prospectors have sought through 
the centuries. 

Less concentrated deposits have 
been produced by sedimentary 
processes, and the ores, though 
much more extensive, are far 
less rich in metal. 


<4 This diagram shows how hydrothermal 
veins are related to the magma source, which 
subsequently cools to granite rock. Erosion 
often strips the surface rocks away, leaving 
deposits in a ring pattern around the granite. 











Extraction and refining fa gangue: the unwanted material 
Silver is present in small concentrations along with several TRE IOS: 


hydrothermal: a process in which 


other metals, such as copper, lead and zinc and it is usually 
hot water is involved. It is usually 


extracted while these metals are being refined. = : 
= used in the context of rock formation 


During electrical refining of copper, for example, the silver fecause laakwater call orhertiiee 
settles out at the bottom of the tank in which copper is being sent outward from liquid magmas 


refined by electrolysis. The silver is dissolved out of the residue are important carriers of metals and 
using concentrated nitric acid. The solution is then reacted 


with iron sulfate, and the silver comes out of solution 


the minerals that form gemstones. 


lode: a number of veins of a metal 
ther 


2 aes) & 


found close to: 





as a precipitate. It is then further refined by electrolysis. 
Silver also dissolves in solutions of sodium or potassium ore: a rock containing enough of 


cyanide, and these substances can be used for chemical ajuset Tub sa neeeo| take mnie 


(ee = 


: it worthwhile. 
extraction. The reaction produces a solution containing 


silver cyanide to which zinc is added causing the silver metal vein: a mineral deposit different 

) from, and usually cutting across 
s the surrounding rocks. Most mineral 
tract silver from the Comstock Lode. and metal-bearing 


anide process is little filling fractures. The veins wer 


to precipitate out. This method was developed just in time 
to be used to € 





veins are deposits 
filled 


by hot, mineral-rich waters rising 





Because ¢ 





nide is so dangerous, the cy 





used today. Instead, a flotation process is used (see page 10). 
Ly Cate BORE OR eae oe es upward from liquid volcanic magma 
Jets of water create bubbles in tanks of ore powder containing IB They are important sources of many 


a frothing agent. The silver is taken way in the froth and is then metals, such as silver and gold, and also 


refined by electrical means. minerals such as gemstones, Veins are 

is ~ sually narrow and were best suited t 

Because so much silver is used in film-making, attempts are i mt SE ARE Re AE ace 
£ hand-minir 





They are less exploited 


made to recover the silver on the film and recycle it during film in the modemmachinelage 


are 


processing. About one fifth of the silver used in film-making 
is recovered. This is done by burning the film and then refining 
the silver by electrical means. 


EQUATION: The use of cyanide to extract silver 


Silver cyanide complex + zinc = zinc cyanide complex + silver 
QNaAg(CN):(aq) + Zn(s)  NasZn(CN),(aq) + 2Ag(s) 


Also... 


The Comstock Lode was a zone nearly six kilometers long that 
included deposits of native silver. It was discovered in the Sierra 
Nevada mountains of Nevada, in 1859. It was named after the 
prospector who found the lode, Henry T. P. Comstock 

The area produced one of the richest silver rushes in history, 
probably yielding some $300 million at 19th century values 
(many billions in today’s values). Virginia City was founded 
and grew up around the lode. When the silver was mined out, 


people moved away, and Vi 





nia City is now a ghost town 





<4 The wealth of the town of Taxco in central Mexico was based 
ona silver lode discovered nearby. The lode is still worked, although 
most of the native metal has been removed in the past two centuries 
The grand church and other buildings reflect the money that the 
exploitation of silver brought to this otherwise poor rural area. 
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Silver in photography woeccs% 


effect of light on some silver compounds. 


The test tube above shows a precipitate 
| Because silver compounds are light- nisilver chloride ChesncelneakartCaae 





































produced. The one below shows the 


sensitive, about four-tenths of all the Cae dace ees eee 


silver used industrially goes into making minute. The way that silver salts darken 
= r S on exposure to light is the basis of the 
photographic film. photeaa ta proce 


The film is made of a plastic base over 
which is spread a thin layer of gelatin that 
contains silver salt. This gelatin layer is 
known as the emulsion layer. 

Various silver salts are used in the 
emulsion. Silver iodide reacts fastest 
to light, and is used for fast-speed films. 
Silver bromide is slightly less sensitive, 
and is used for slower speeds. Silver 
bromide and silver chloride are light- 
sensitive chemicals that are placed on 
the surface of developing papers. 


How light-sensitive silver salts work 
Silver salts become reduced upon exposure to 
light. This converts parts of the salts to silver metal 
When the film is placed in the developer, 
another chemical reaction takes place in which 
the silver salts are further reduced. Those that 
| were not affected by light are reduced more 
| slowly, leaving some areas darker than others 
The developed film is placed in a “fixing” 
solution to stop the process after it has fully 
reacted with the silver salts that were 


exposed to | 





sht. The process leaves 
a negative image on the acetate film 


she 





A print is made by shining 





4A film negative containing 
stabilized silver (the dark 
part) within the gelatin 
Although it is no longer light- 
sensitive, it still has a gelatin layer 
and so is liable to be scratched if 
handled carelessly. The clear areas 
are the places where no light reached 
the film. The silver salts have been 
washed away from these areas. 


through the negative onto 
photographic paper that has a 
containing silver chloride 
crystals, This material has to be / 
developed and fixed in the 


coat 





same way as the film. At the 
end of the process a positive 


print is obtained 











halogens (fluorine, chlorine, 
bromine and iodine) 


c halide: a salt of one of the 


a reaction in which oxygen 


: oxidation/reduction: 


is gained or lost, respectively 


Also... 


Silver is not attacked by most 
acids. However, it does react with 
concentrated nitric acid, liberating 
brown nitrogen dioxide gas and 
forming a solution of silver nitrate. 
This solution will precipitate 
halides. Silver chloride is a white 
solid, that quickly darkens in 
sunlight; silver bromide is a pale 
yellow solid and silver iodide is a 
dark yellow solid. All three of 
these solids disappear into a 
colorless solution if sodium 
thiosulfate solution (hypo) 

is added. This is why “hypo-fixer” 
works, since this solution can 





‘A A positive print from the last century. The yellow 
coloring on this print results from the same process 
as the tarnishing described on page 29. The hydrogen 
sulfide gas present in the air reacts with the silver in 
the print, darkening it. 


é be washed off the film 


or photographic print paper 


A Sodium thiosulfate 


EQUATION: Silver bromide and photographers’ hypo 


Sodium thiosulfate (photographers’ hypo) + silver bromide « silver complex + sodium bromide 
2Na2S303(aq) + AgBr(s) S NasAg($2O3)o(aq) + NaBr(aq) 


Sulfur i) 


Sodium Silver Bromine 





Oxygen 





Sodium thiosulfate Silver bromide Silver complex Sodium bromide 


3) 














Everyday uses of silver 


One of the most common objects around the home 




















is the mirror. Mirrors reflect light rays to form an image. 

The earliest form of mirror was a disk of polished bronze. 
However, although this gave some kind of image, the poor 
reflecting properties of bronze, and the fact that it tarnishes 
quickly, were serious drawbacks. 

The next improvement, and in common use in the 
Middle Ages, was to use sheets of glass with metal foil 
attached to the back. Silver was the preferred metal 
for this because it was soft and could be beaten into 
thin sheets, and because it is highly reflective. 

However, silver tarnishes over time in polluted 
air (the surface develops a dark silver sulfide 
coat). To produce a durable mirror, it was 
necessary to combine the strength of glass and 





the reflecting properties of silver by binding 
the silver to the glass so that hydrogen 
sulfide in the polluted air could not 
tarnish the surface. 

In 1835 Justus von Liebig developed 
a way of depositing silver onto glass. 
The method, known as silvering, 
is still in use today. 


Making a mirror in a tube 
To make a mirror in a test tube, 
silver nitrate, silver hydroxide and 
ammonia are mixed together in 
solution together with a reducing 
agent, in this case glucose 

The tube is then placed in a bath 
of hot water. Silver is precipitated 
onto the warm glass tube 


P Asilvered mirror produced 
on the inside of a test tube 








amalgam: a liquid alloy of 
mercury with another metal 


High-quality mirrors 
Specialized mirrors are need for precision 





scientific work. For these, silver is vaporized cell: a vessel containing two 


electrodes and an electrolyte 
by heating it in a vacuum chamber. It is then 


electrolyte: a solution that 


conducts electricity 





condensed onto the glass as a thin, even coatir 





For a large-scale use of mirrors, such as in 


solar power stations, aluminum is often used 






as a substitute for silver. It is not quite so good 
a reflector, but it is very much cheaper 






4A The metal-based fillings in grinding teeth 

are made with either silver or gold amalgams. 
In silver-based amalgam the proportions 

of metals by weight are: 52% mercury, 

33% silver, 12.5% tin, 2% copper and 0.5% zinc 
As the amalgam sets, it expands slightly, 

locking itself into the tooth cavity. 


Also... 
If you have metal-based amalgam fillings and 
you chew a piece of “silver” or other metal foil 


it is possible to get a shooting sensation through 





the filled teeth, In effect you will be repeating 





one of the world’s earliest electrical experiments 





in which Luigi Galvani 1 





ade frogs’ legs twitch 
fluids and two different metals 





by using the 
to create a battery (an electrical cell). In the case 
of the silver foil, the amalgam and the silver foil 
are two different metal electrodes, and your saliva 


is the electrolyte of the cell, so th. 





1 current 
flows. This current may well cause a painful 
sensation in your tooth if the filled cavity is 





deep and the filling is close to the dental nerve 














ald i" the Earth 


Gold mostly forms in veins in rocks. 
The source of gold is probably hot liquids 
that boiled off the great molten bodies that 


feed volcanoes. These hot fluids forced their 


way up through the cracks in the overlying 

rocks, where they cooled and solidified 
Gold is among a number of metals 

(including silver, copper and tin) that 

form in this way. Scientists call the 

veins hydrothermal (hot water) deposits. 
Gold is so unreactive chemically that 

it does not easily form oxides or other 

compounds and remains as “native” 


(pure) metal in the rocks. 


Mining 
Vein, or lode, mining is the most 
important of all gold recovery 


methods (see page 30). Although 





each ounce of gold recovered 
requires about 100,000 ounces 
of ore to be processed, 

so much gold is deposited 


in rock veins that this method 





accounts for more than half 
of the world’s total gold production 
today. The gold in the veins may 


be microscopic particles, nugg 





gets, 
sheets, or gold compounds. Regardless 
of how it is found, the ore requires 


extensive extraction and refining 


4A vein carrying gold in a mine tunnel. 


¥ A modern open-pit gold mine near Bendigo, Australia. 

























AA gold nugget and flakes 
Each flake is about 3 mm long. 


4 The largest piece of native gold ever found 
Pieces of gold like this are called gold 


i 
» nuggets. This one, called Perseverance, 
my ma was found in the South African 
a province of Natal on December 16, 
By 


1874. It weighed 3.3 kg and was just 
over 12 cm long 


Y Early 20th-century mining had 
become big business, rather than 
the province of many small-scale 
prospectors working by hand. 











hydrothermal: a process in wi 
h tc volved. It is usually 
u! xt of rock formation 
ras and other fluids 
zmas 


form gemstones 





lode. aber of veins of a metal 
found close together 


vein: a 
from, and usually cutting across 








mineral deposit different 






the surrounding rocks. Most mineral 





and m 





veins are deposits 


filled 








filling fractures. The veins were f 








ot, mineral-rich waters risi 





upward from liquid volcanic magma 
They 


etals, such as silver 





important sources of many 


nd gold, and 






» minerals such a 





gemstones 
JB Veins are usually narrow and 

I were best suited to hand-mining, 
JB They are less exploited in the 


@ modern machine 








Gold rushes 

Because people have put such a 
high value on gold, its presence 
has attracted much attention 


throughout the ages. One of the 





main reasons for Spanish and 
Portuguese explorers taking an 
interest in South America was to 
plunder them as a source of gold. 
The 19th century saw several 
major gold rushes in the United 
States, Canada, Russia, South Afni 
and Australia. The 1848-49 gold 
rush in California produced more 








new gold than had been found in 
the previous three centuries and 
made the United States the largest 
gold producer in the world. But as 
these gold fields were worked out, 
in Alaska, 
Australia (particularly Victoria) 
and South Africa (The Transvaal) 
Of the probable gold reserves, 
about half are to be found in the 


others took their plac 





Witwatersrand area of South Africa. 














| Gold at tie surface 


| Much of the gold found during a gold rush was 
collected from river beds rather than from veins 
of gold dug from mines. Gold occurs in river 

beds as a result of natural landscape erosion. 

Where the gold veins are exposed at the land 

surface, erosion eventually breaks them down 

into small fragments and carries them away 

in streams and rivers. 

fowever, because gold is such a heavy 

element, it is not easily moved and so it 

accumulates in river beds. The fragments of 





gold are very small, but they are not found 
Rather, they settle out among gravels and larger 
pieces of rock. This is because sand and pebbles 


are made of silica, a mineral that is much less 


small, but denser, particles of heavy gold along 





with larger but less dense gravel. 


| among the tiny fragments of other kinds of rock. 


dense than gold. A fast-flowing stream will carry 


Sluice boxes and dredging 
The sluice box, shown below, 


is a much more efficient way 





of collecting gold. The larger 





pebbles are screened away and 
the other fragments washed 
down a chute. Bars placed along 
the chute collect the heavy gold, 
while the rest 1s washed away. 
Washing 
wool fleeces is another way to 


iver sediment over 





collect gold 

Most placer deposits, especially 
those worked in navigable rivers 
and in coastal areas, are now 
mined on a far larger scale 


using dredges 


¥ Aman using a sluice box in Canada 
at the turn of the century 











Panning 


The accumulation of gold in river sediments is known as a placer 
deposit. The gold can be separated by hand in a method known 
as gold panning. Because it is heavy, gold resists being washed 
away. The gold particles can be separated from sand by swirling 


the pan around in a little water. The gold will remain in the 


center of the pan while the sand swirls off the edges 


Chemical refining 
Chemical refining is the last stage of the 
refining process. It can be applied to gold 
sediment that has already been partly refined 
using amalgamation or to the sludge produced 
in copper and zinc refining. 

Like silver, gold can be dissolved in sodium 
cyanide. When metallic zinc is added to the 
solution, the gold is precipitated. 


EQUATION: Precipitation of gold using sodium cyanide and zinc 





amalgam: a liquid alloy of r 





with another metal 


placer deposit: a kind of ore body 


made of a sediment that contains 









ore eroded from 


and transported by 


rivers or ocean currents 


sediment: material that settles out at 


the bottom of a liquid when it is still 


<4 Panning gold in a river in Alaska 


Amalgamation: using mercury to 
refine gold 
Another way to recover gold from placer 
deposits is by making the gold into a liquid 
alloy with mercury, known as an amalgam 
In this age-old process the mercury and 
gold-containing sediment are heated, causing 
the gold to amalgamate with the mercury, 


The amalgam can then be drawn off and 








dissolved in dilute sodium cyanide. When zinc 
is added to the solution, gold is precipitated to 
the bottom of the vessel 

Amalgamation recovers about two-thirds 
of the gold in an ore. To extract the remainder, 
other chemical methods have to be used 

This process uses a range of highly poisonous 
substances and has to be carried out in carefully 
controlled conditions. Nevertheless, despite the 


mercury is done on a small 





risks, refining usi 





scale by prospectors, for example, in the depths 
of the Brazilian rainforest. The waste products 
of this process are flushed into the rivers, where 
they pollute whole stretches of river water that 
are used as drinking supplies | 
Many of the prospectors breathe in the 


mercury vapor as the amalgam is heated, 





causing long-term (and even fatal) damage 


to their health. 





Sodium cyanide + gold amalgam + water + oxygen * cyanide complex + sodium hydroxide 





8NaCN(s) + 4Au(s) + 2H,00) + O,(g) © 4NaAu(CN),(aqg) + 4NaOH{(aq) 
Cyanide complex + zinc = cyanide complex + gold 
 2NaAu(CN)s(aq) + Zn(s) © NasZn(CN),(aq) + 2Au(s 


f 


(39 
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Uses of gold 


Gold is the most easily worked of all 
metals. This means that it can be drawn out 
into fine wires or beaten into sheets so thin 
that they are almost transparent. At this 
stage the gold is just a few atoms thick. 
One of the most common uses of thin 
sheets of gold is as gold leaf, a decorative 
material that is used on furniture, walls and 
religious objects. Many people use gold leaf 
as part of their religious devotions. Gold 
has also played an important part in the 


world’s money supply (see next page). 





| Carat 
| The purity of gold is measured in carats. Pure gold is 
known as 24 carat gold, Other forms of gold are alloy A Gold has been used decoratively since the earliest 


times both for jewelry and decorative ware, and for 
adornment to buildings (as in St. Mark's cathedral 
Venice, shown here), Gold retains its shine even when 
used outdoors, which is why gold leaf is used on the 


of gold with silver, copper or nickel 





The carat number shows how much gold is in 





ulloy. Thus 8 carat gold contains Y;4ths or one-thr 
| gold; 18 carat gold contains !8syths or three-quarters domes of some buildings. 
gold and so on. White gold has the lowest concentration 


of gold, being °44ths gold and one-quarter nickel 
f gold, being “44th gold a e-quarter nick V Gold leaf being used in a Buddhist ceremony 





































The reactivity of gold REACTIVITY SERIES 
Gold is near the bottom Dement Reactivity 
of the reactivity series Z = 
be seat A potassium most reactive 

cause it almost odin 
unreactive. Gold will not calcium 
react with the air to form magnesium 
oxides. Traditionally only aluminum 
a mixture of concentrated Dianganiese 

chromium 







mitric acid and 
concentrated hydrochloric 
acid (called aqua regia) 
would dissolve gold. 


zine 

iron 
cadmium 
tin 

lead 
copper 
mercury 
silver 
gold 
platinum 













least reactive 








Gold and coinage 
The first use of metal as a form of currency goes back to the ancient 
Egyptians about six thousand years ago. Gold, silver and copper 
were most often used, hence their grouping into the coinage metals. 
The metals were poured into molds to produce blank discs called 
planchets. Markings were stamped on their faces by pressing 
them between two bronze dies. The coins usually had 
their value on one side and the head of the ruler on 
the other as a guarantee. 

Gold will not stand up to handling 
unless it is alloyed with other metals. For 
example, in the United States gold coins 
(made until 1933) were 90% gold and 
the remainder silver and copper. 

Gold was once used as a 
worldwide currency reserve, and 
was held in vaults as a guarantee 
of the paper money in circulation. 
This system no longer operates, and 
gold can be bought and sold on the 
open market. However, it is still true 
that when people feel nervous about 
a currency, they buy gold, thus forcing 
up gold prices. 

There are still large reserves of 
gold, the largest being at Fort Knox, 
Tennessee, which contains both bullion 
(bars) and coins. 








electrolysis: an electrical 
chemical process that uses an 
electric current to cause the 
breakup of a compound and 

the movement of metal ions in 
a solution. The process happens 
in many natural situations 

(as for example in rusting) and 
is also commonly used in industry 
for purifving (refining) metals or 
for plating metal objects with a 
fine, even metal coating, 


ion: an atom, or group of atoms, 
that has gained or lost one or more 
electrons and so developed an 
electrical charge 


reactivity: the tendency of a 
substance to react with other 
substances. The term is most 
widely used in comparing the 
reactivity of metals. Metals are 
arranged in a reactivity series. 


V A Krugerrand, one of 
the world’s most famous 
gold coins. 








Gold is not only rare, it is a very soft 


For many reasc 


other metals to improve its characteristics for use. 


Gold is most often alloyed with co 
This changes the strength and color o 
alloy as well as 
The resulting alloys are cheaper than 


“Green gold” is an alloy of gold, si 





copper with silver in the greatest pror 


In “red gold” copper dominates the a 





an alloy of gold and nickel is called * 
Gold can be formed into alloys wit 


amalgams; these are often used as den 


be plated onto objects to increase their resistance to corrosion. 


yns it is sensible to alloy it with 


making the gold go farther. 





Gold alloys and gold plating 


metal. 


oper and silver. 
f the 






pure gold. aT d 
Po 


h 


ver and 3 
soruoen. 


loy, and 





vhite golc 





1 mercury called 


tal fillings. Gold can also 


e 


AA The brooch shown here is a 
real orchid that has been coated 
in gold using electrolysis. The 
orchid was dipped in a resin, and 
the edges of the petals painted 
with a metal paint so that it could 
be made into an electrical 
conductor. Then it was suspended 
ina bath of electrolyte. As an 
electric current flowed, the gold 
was deposited onto the metal- 
coated flower 


4A gold filling in a lower tooth. 
In some countries gold fillings are 
a sign of wealth. Gold is a suitable 
material for a filling because it will 
amalgamate with mercury and 
then not react with body fluids, 
neither releasing toxic substances 
nor being corroded by the body. 
The metal-based fillings 
in grinding teeth are made with 
either silver or gold amalgams. 
Gold fillings contain gold alloyed 
with palladium and copper 
Rhodium is often added as 
a hardener for the gold-palladium 
alloy. Gold instead of silver is also 
often used in places where the 
filling is more liable to show, such 
as in holes in the front teeth 











Using gold in industry 

Gold is almost entirely nonreactive. Although this means 
that gold will not form compounds, it also means that, where 
nonreactive materials are needed, gold has an important part 
to play. Because it is rare, it is also expensive to use. This is 
why 


Gold is a good conductor of electricity and does not o: 


zold is used only where such materials are important. 











circuits, such as micro- 
Id 


tant for use in electric 





sO it 1s impo 





electronics, and for connectors and switches. Most of the s 





used is electroplated onto some less expensive base material 
Also, because it is doesn’t corrode. gold is used in places 
where there a 





€ corrosive atmospheres, such as in certain 


chemical processes. For the same reason, gold can be used 





safely in amalgams to make dental fillings 
Gold can also have an important role in tiny amounts 


For example, it is used in glass to produce a heat shield 











Gold plating 
Gold can be deposited as a fine 
layer on the surface of many 
materials. Usually it is applied 
by electrolysis after being 
dissolved in a cyanide solution 
The thickness of gold plate 
obtained this way can be 
as little as two-millionths 
of a centimeter 

Some metals become coated 
with gold automatically if they 
are dipped in a gold cyanide 
solution, because a natural 
battery is established between 


the gold and the metal. Gold 





can be deposited onto nickel 
in this way 


<4 Gold does not oxidize, so no insulating 
oxide layer builds up on its surface 
happens, for example, with aluminum). 
This is the reason gold-plat 
used in many electrical circuits where it is 
important that good long: 
made. This is a terminator from a 
computer. 








d contacts 























Key facts about... 
Copper 


A soft, orangy-red 
metal, chemical 
symbol Cu 


Forms alloys with 


Turns green when 
other metals easily 


exposed to the air 






Essential for 
plant growth Good conductor 


of electricity 


Scarce metal, making only 
70 parts per million of the 


Earth’s crust Good conductor 


of heat 


Has no taste 
Melts at 1,083°C, a 
lower temperature than 


Has no smell 
many other metals 


Atomic number 29, 
atomic weight about 64 


Silver 


A soft, white metal, 
chemical symbol Ag 


Forms alloys with 
copper to give it 
additional strength 


Turns brown slowly 
(tarnishes) when 
exposed to polluted air 


The best conductor of 


Scarce metal, making \ electricity of any metal 


only one hundred- 
millionth of the Earth's 


crust The best conductor of 


heat of any metal 
Has no taste a 


Soft and easily 


Has no smell worked 





Best natural —— Melts at 960°C 
| reflector of light 


Atomic number 47, 
atomic weight about 108 

















A soft, yellow metal, 
chemical symbol Au 


Gold 


Will not react __~ 


with acids 





Scarce metal, making 
only 4 parts per 








Does not 
tarnish in air 


Good conductor 
of electricity 


e 
hundred oilion of the : Good conductor 
Earth’: t \ 
arth’s crus' e e of heat 

ai ry e Can be worked into 

Has no taste - o. extremely thin sheets 
Ceege® © or fine wires 
Has no smell 5p : Melts at 1,063°C 

















Atomic number 79, 
atomic weight about 197 


<4. These two pictures show the two sides 
of a Roman silver denarius, minted in 77 B.C 
The side shown on the left shows the helmeted 
Roma, allegory of the city of Rome, and the side 
shown below portrays the she-wolf, which 
refers to the founding of Rome by Romulus and 
Remus, mythical twins who were adopted and 
raised in infancy by a wolf. 


The shell diagrams on these two 
pages are representations of an 
atom of each element. The total 
number of electrons is shown in 
the relevant orbitals, or shells, 
around the central nucleus. 


| SHELL DIAGRAMS | 


Electron shell 
Electron 


/ 


Nucleus containing 
protons and neutrons 
(called nucleons) 























The Periodic Table 


The Periodic Table sets out the relationships 
among the elements of the Universe. According 
to the Periodic Table, certain elements fall into 
groups. The pattern of these groups has, in the 
past, allowed scientists to predict elements that 
had not at that ume been discovered. It can sull 
be used today to predict the properties of 
unfamiliar elements. 

The Periodic Table was first described by a 
Russian teacher, Dmitry Ivanovich Mendeleev, 
between 1869 and 1870. He was interested in 


GROUP 1 2 







4 


Be 


Heryilivum 


writing a chemistry textbook and wanted to show 
his students that there were certain patterns in the 
elements that had been discovered. So he set out 
the elements (of which there were 57 at the time) 
according to their known properties. On the 
assumption that there was pattern to the elements, 
he left blank spaces where elements seemed to be 
mussing. Using this first version of the Periodic 
Table, he was able to predict in detail the chemical 
and physical properties of elements that had not yet 
been discovered. Other scientists began to look for 
the missing elements, and they soon found them. 


eal Metals 
Re Metalloids (semimetals) 
{) Nonmetals 





Transition metals 














Actinoid metals 






Lanthanide 


metals 


~ 











Hydrogen did not seem to fit into the table. and 
so he placed it in a box on its own. Otherwise the 
elements were all placed horizontally. When an 
element was reached with properties similar to the 
first one in the top row, a second row was started. 
By following this rule, similarities among the 
elements can be found by reading up and down. 
By reading across the rows, the elements 
progressively increase their atomic number. This 
number indicates the number of positively charged 
particles (protons) in the nucleus of each atom. 
This is also the number of negatively charged 
particles (electrons) in the atom. 

The chemical properties of an element depend 
on the number of electrons in the outermost shell. 
3 


Atomic (proton) number 


| Symbol 
| Al 
|) Altiminom 

27. /~ Name 


Approximate relative atomic mass 


Atoms can form compounds by sharing 
electrons in their outermost shells. This explains 
why atoms with a full set of electrons (like helium, 
an inert gas) are unreactive, whereas atoms with an 
incomplete electron shell (such as chlorine) are 
very reactive. Elements can also combine by the 
complete transfer of electrons from metals to 
nonmetals, and the compounds formed contain 
ions. 

Radioactive elements lose particles from their 
nucleus and electrons from their surrounding 
shells. As a result they change their atomic number 
and so become new elements. 







34 
Se 


Sctenium 


Tellurium 


128 























Understanding equations 





As you read through this book, you will notice and so on. However, if we were to use only the 
that many pages contain equations using symbols, first letter, then there could be some confusion. 
If you are not familiar with these symbols, read For example, nitrogen and nickel would both 
this page. Symbols make it easy for chemists to use the symbols N, To overcome this problem, 
write out the reactions that are occurring in a many elements are symbolized using the first two 
way that allows a better understanding of the letters of their full name, and the second letter is 
processes involved. not in capitals. Thus although nitrogen is N 
nickel becomes Ni. Not all symbols come from 
Symbols for the elements the English name; many use the Latin name 
The basis of the modern use of symbols for instead. This is why, for example, gold is not G 
elements dates back to the 19th century. At this but Au (for the Latin aurum) and sodium has the 
time a shorthand was developed using the first symbol Na, from the Latin natrium. 
letter of the element wherever possible. Thus Compounds of elements are made by 
“O” stands for oxygen, “H™ stands for hydrogen combining letters. Thus the molecule carbon 





Written and symbolic equations 
In this book important chemical equations are briefly stated in words (these are called 
word equations) and are then shown in their symbolic form along with the states. 


What reaction the equation illustrates 


he EQUATION: The formation of calcium hydroxide 


~~ Calcium oxide + water «2 calcium hydroxide 


—CaO’s) + HO) ©& Ca(OH),(aq) 
Symbol equation ——— heated 


ee ee Symbol showing the state: 
Sometimes you will find an additional sis for sold, 1s for liquid, 


description below the symbolic equation vis for gas and aq is for aqueous, 


Written equation 


Diagrams 
Some of the equations are shown as graphic representations 


Gyan at e 
*) Hydrogen 
Q 






Calcium: 


Calcium oxide Water Calcium hydroxide 


Sometimes the written equation is broken up and put 
below the relevant stages in the graphic representation. 





monoxide is CO. By using letters that are not 
capitals for the second letter of an element, it is 
possible to show that cobalt, symbol Co, is not 
the same as the molecule carbon monoxide, CO. 
However, the letters can be made to do much 
more than this. In many molecules, atoms 
combine in unequal numbers. So, for example, 
carbon dioxide has one atom of carbon for every 
two of oxygen. This is shown by using the 
number 2 beside the oxygen, and the symbol 
becomes CO. 
In practice, some groups of atoms combine as a 





unit with other substances. Thus, for example. 
calcium bicarbonate (one of the compounds used 
in some antacid pills) is written Ca(HCO,)>. This 
shows that the part of the substance inside the 
brackets reacts as a unit, and the “2” outside the 
brackets shows the presence of two such units. 
Some substances attract water molecules to 
themselves. To show this a dot is used. Thus the 
blue-colored’form of copper sulfate is written 
CuSO,.5H,0. In this case five molecules of 
water attract to one copper sulfate, When you 





Atoms and ions 

Each sphere represents a particle of an element. 

A particle can be an atom or an jon. Each atom or ion 
is associated with other atoms or ions through bonds — 
forces of attraction. The size of the particles and the 
nature of the bonds can be extremely important in 
determining the nature of the reaction or the 
properties of the compound. 


This indicates that the 


5 Sema compound is ionic. 






by“ 
DP This represents 
a unit of sodium 

bicarbonate (NaHCO). 


The term “unit” is sometimes used to simplify 
the representation of a combination of ions. 


see the dot, you know that this water can be 
driven off by heating; it is part of the crystal 
structure. 

In a reaction substances change by rearranging 
the combinations of atoms. The w 





y they change 
is shown by using the chemical symbols, placing 
those that will react (the starting materials, or 
reactants) on the left and the products of the 
reaction on the right. Between the two, chemists 
use an arrow to show which way the reaction is 
occurring. 

It is possible to describe a reaction in words. 
This gives a word equation, Word equations are 
used throughout this book. However, it is easier 
to understand what is happening by using an 
equation containing symbols. These are also 
given in many place 





. They are not used when 
the equations are very complex. 

In any equation both sides balance; that is, 
there must be an equal number of like atoms on 
both sides of the arrow. When you try to write 
down reactions, you, too, must balance your 
equation; you cannot have a few atoms left over 
at the end! 

The symbols in brackets are abbreviations for 
the physical state of each substance taking part, 
so that (s) is used for solid, (/) for liquid, (g) for 
gas and (aq) for an aqueous solution, that is, a 
solution of a substance dissolved in water. 


Chemical symbols, equations and diagrams 

The arrangement of any molecule or compound can 
be shown in one of the two ways below, depending 
‘on which gives the clearer picture. The left-hand 
diagram is called a ball-and-stick diagram because it 
uses rods and spheres to show the structure of the 
material. This example shows water, H,O. There are 
two hydrogen atoms and one oxygen atom. 


Bond shown 
stick” | 


- ae rd 


Colors too 

The colors of each of the particles help differentiate 
the elements involved. The diagram can then be 
matched to the written and symbolic equation given 
with the diagram. In the case above, oxygen is red 
and hydrogen is gray. 








Glossary 


alloy: a mixture of a metal and var 


other elements. 


ious 





amalgam: a liquid alloy of mercury with 
another metal 


anhydrous: a term meaning that water 
has been removed by heating. Many 
hydrated salts are crystalline. When they 





are heated and the water is driven off, the 
material changes to an anhydrous powder 


brazing; a form of soldering in which 


brass 1s used as the joining metal. 








cell: a vessel containing two electrodes 
and an electrolyte that can act as an 


electnival conductor 





corrosion: the slow decay of a substance 
resulting from contact with gases and 
liquids in the environment. The term is 
often apphed to metals. Rust is the 


corrosion of iron, 


electrolysis: an electrical-chemical 
process that uses an electric current to 
cause the breakup of a compound and the 
movement of metal ions in a solutio 


The proceys happens in many natural 





situations (as for example tn rusting) and is 
also commonly used in industry for 
purifying (refining) metals or for plang 
metal objects with a fine, even metal 
coating, 


electrolyte: a solution that conducts 
electricity 





electron: a uny, negatively char 


particle that is part ofan atom. The flow 





of electrons through a solid material such 
as a wire produces an electric current 


electroplating: depositing a thin layer of 
a metal onto the surface of another 
substance using electrolysis 


gangue: the unwanted material in an ore 


gelatinous: a term meaning made with 
water. Because a gelatinous precipitate is 
mostly water, it 1s of a similar density to 
water and will float or lie suspended in the 
liquid 


halide: a salt of one of the halogens 


(fluorine, chlorine, bromine and iodine’ 





hydrate: a solid compound in crystalline 
form that contains molecular water. 
Hydrates commonly form when a 
solution of a soluble salt is evaporated 


of technical terms 


The water that forms part of a hydrate 
crystal is known as the “water of 
crystallization.” Tt can usually be removed 
by heating, leaving an anhydrous salt 


hydrothermal: a process in which hot 
water is involved. It is usually used in the 
context of rock formation because hot 
water and other fluids sent outward from 
liquid magmas are important carriers of 
metals and the minerals that form 


gemstones 


ion: an atom, or group of atoms, that has 
gained or lost one or more electrons and 
so developed an electrical charge. Ions 
behave differently from electrically neutral 
atoms and molecules. They can move in 
an electric field, and they can also bind 
strongly to solvent molecules such as 
water. Positively charged tons are called 
cations; negatively charged ions are called 
anions, Lons carry electrical current 


through solutions. 


lode: a number of veins of a metal found 


close together 


magma: the molten rock that forms a 
balloon-shaped chamber in the rock 
below a volcano. It ts fed by rock moving 
upward from below the crust 


micronutrient: ay clement that the body 
requires in small amounts. Another term is 


trace element 


native metal: a pure form of a metal, not 
combined as a compound. Native metal is 
more common in poorly reactive 
elements than in those that are very 


reactive 


noble metals: silver. gold, platinum and 
mercury. These are the least reactive 


metals. 


ore: a rock containing enough of a useful 
substance to make mining it worthwhile 


oxidation/reduction: 3 reaction in 
which oxygen is gained or lost, 
respectively 

oxide: a compound that includes oxygen 


and one other element. 


patina: a surface coating that develops on 
metals and protects them from further 
corrosion, 


placer deposit: 1 kind of ore body made 
of a sediment that contains fragments of 
gold ore eroded from a mother lode and 
transported by rivers or ocean currents. 


porous: a material containing many small 
holes or cracks. Quite often the pores are 
connected, and liquids, such as water or 
oil, can move through the 








n 


precious metal: silver, gold, platinum, 
indium and palladium. Each is prized for 
its rarity. This category is the equivalent 
of gemstones for minerals 


protein: molecules that help build tissue 
and bone and therefore make new body 
cells. Proteins contain amino acids 


reactivity: the tendency of a substance to 
react with other substances. The term is 
most widely used in comparing the 
reactivity of metals. Metals are arranged in 


1 reactivity series 
reagent: a starting material for a reaction 


reduction: the removal of oxygen from a 


substance 


refining: the separation of « mixture into 
the simpler substances of which it is made 
In the case of a rock, it means the 
extraction of the metal that is mixed up 
in the rock 


sediment: material that settles out at the 
bottom ofa liquid when it is still 


silicate: a compound containing silicon 
and oxygen (known as silica) 


slag: a mixture of substances that are 
waste products of a furnace. Most slags are 
composed mainly of silicates. 


sulfide: a sulfur compound that contains 
no oxygen 


vein: a mineral deposit different from, 
and usually cutting across, the surrounding 
rocks. Most mineral and metal-bearing 
veins are deposits filling fractures. The 
veins were filled by hot, mineral-rich 
Waters rising upward trom liquid voleanic 
magma. They are important sources of 
many metals, such as silyer and gold, and 
also minerals such as gemstones. Veins are 
usually narrow and were best suited to 
hand-mining. They are less exploited in 
the modern machine age. 
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A-bomb 1: 
acetate 8: 41 

acetic acid 1: 31, 7: 
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ibolism 14: 37 
ead 

agate 9: 13, 14 

Agent Orange 14: 29 
11: 38, 12: 6, 7-17 
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aleohols 8: 28 
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algal blooms 11: 43 
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alumina 7: 16, 17, 18, 19, 34 

alumina-silica gel 8: 27, 1: 26, 36 

aluminum 1: 26, 36, 2: 32, 4: 22. 23, 
5: 21, 35, 7:4. 44, 9: 
20, 26, 34, 37. 10: 39, 11: 37, 
12: 10, 38.1 

aluminum foil 

aluminum hydroxide 7: 36, 

aluminum oxide 7: 7, 14. 16. 1 
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12: 11 7 

aluminum silicate 9: 26, 

aluminum sulfate 7: 7. 36. 3 
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amalgamation 3:39 
Amatol 11: 27 
amethyst 9: 12 
amino acids 
ammonia 1: 16-17, 52 
2: 28, 29, 7: 36, 11: 12-17, 36, 
37, 13: 36, 43.1 
ammonia fountain 1 
ammonia solution 









ammonite 3:9 
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ammonium dichromate 11: 24, 25 
ammonium hydroxide 11: 





ammonium nitrate 11: 15. 
ammonium nitnte 11 
ammonium perchlorate 12: 39. 
14: 24 
ammontum sulfate 7: 36, 11: 
13: 43 
ammunition 10: 15, 11: 
amorphous 9: 38 
amphiboles 9: 24 
amphoteric 6: 10, 7: 14 
anesthetics 1 
glesite 10: 7 
anhydrous 13: 34 
anions 
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23, 26, 3: 
19, 25, 10: 11 

anodizing 7: 26 

antacid 2: 31, 3: 3, 42, 49. 8: 15 








anthracite 8: 7 

annbacterial agent 6: 38 

antimony 10: 

antimony-133 15: 29 

antioxidant 1 

antiseptic 14: 41 

apatite 1 

aqua foris 1: 26, 11: 36 

aqua regia 1: 22, 26, 3: 41, 11: 36 

aquamarine 9: 23, 12: 

aquifers 

architectural brass 5: 19 

Ar 15, 4 

argon 1: 38, 39, 42, 45, 4: 30, 11: § 
9.12: 17, 15: 1 

| 13: 42 

asbestos 14: 20 

asphalt 8: 26, 27 

aspirin 1: 30 

atmosphere 3: 12. 11: 6, 12: 6, 8, 12 

8, 135: 4.7 

8, 39 























arom 1: 4, 





atomic bomb 15: 
atomic number 1-15: 44, 45, 47 
atomic weight 1-15: 44, 45, 47 









augite 
aurora 1 
Australia 7: 
azide 11: 29 
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background radiation 13: 14-15 
Bacon, Roger 11: 26 

bacteria 13: 
Baekland, Leo 
Bakelite 8: 
baking powder 2: 30 
baking soda 
banite 13: 
banum chiorate 14: 24 
bartum-142 15: 28 
barium peroxide 




















barometer 6: 30) 


x. Karl oseph 7: 
Bayer proces: 7: 14, 16 








making bronze 5: 21 
bends 1; 
Benin bronze 
benzene ring 
beryl . 
beryllium 7: 8, 9: 22 
Bessemer Converter 4: 31. 12: 
Bessemer, Sir Henry 4: 31 
beta particle 1 
beta radiation 1 
bicarbonate 1: 2 
Big Bang 15: 
biotite 7: 6, 9: 2 
bismuth 10: 11 
black phosphorus 11: 38 
blast furnace 4: 24, 25, 2 
bleach 4: 42, 21, £ 
14: 14.13, 24 
bleaching agent 13: 18-21 
blood 1, 
blood (sales) 2: 
blue-green alg 
Blue John 14: 8, 36 
blue virnol 5: 24, 13: 
body 2: 
bog iron ore 4: 13 


















9, 31 






























bornite 5: 
boron oxide 9: 38 
borosilicate glass 9: 39 





Br 14:5, 45 

brass 5: 18-19, 20. 27, 6: 4, 20, 10: 
15 

braze 5: 18, 7: 20 

Brazil 7: 11 
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brimstone 10 

brimstone and treacle 13: 42 

brine 1: 14, 15, 2: 12, 13, 
28, 29, 40. 6: 33, 14: 

bromide 14: 4 

bromine 8: 23, 14: 4. 3.6, 8, 27, 42- 
43.45 

bromothymol blue 1: 21 

bronze 5: 20-21. 6: 20. 21, 









26. 
19, 20 












Bronze Age 5: 20. 1 
bronze coins 10: 44 
buckled sing 13: 6 
buckminsterfullerene 8: 8.2? 
buffer 1: 28,29 

building stone 3: 18 
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burerte 
burnt lime 3: 22 
burnt ocher 
butane 8: 7, 











cadminm 6: 5, 40-43, 45, 15: 

cadmium barery 6: 41 

cadmium borate 6: 42 

cadmium hydroside 6: 41 

cadmium plaung 6: 40 

cadmium sulfide 6: 40, 42, 43, 9: 41 
13: 12, 2 

cadnuum tellunde 6: 42 

cadmium test 6: 40 

cite 3: 8, 10, 14, 16, 33, 9: 18 

calcium 3: 4, 6, 38, 40, 42, 44, 7:6, 
9: 11, 20, 38, 

calcium bicarbonate 1: 29, 3: 
38,42 





























calcium carbonate 
8, 12, 15, 16, 
43.4: 
40, 14: 
calcium chlorate 14: 14, 16, 24 
calcium chloride 













calcium fluondi 





81 

calcium hydrogen carbon 

calcium hydroxide 
1: 14 

calcium ions 3: 25, 28. 40, 

calcium oxide 2: 29, 3: 20, 24, 48, 
4: 26, 31, 7: 16, 11: 14, 12: 26. 
14: 14 

calcium phosphate 3: 32, 112 38, 42, 
43, 14: 37 

calcium silic 

calcium sulfate 3: 8, 30, 4: 25, 13:9, 
12, 13, 32, 11: 43 

calomel 6: 32 

camphor 8: 31 

cancer 15: 42 

cans 7: 32, 33, 40 

carats 5: 40 

arbohydrate 8: 18 

carbon 1: 24. 28, 29, 30, 31 
32. 34, 41, 6: 14, 15, 7: 18, 19, 

10. 
14: 13. 































12: 24, 26, 13: 26, 
15, 15: 
carbon black 4: 41. 8: 
carbon compounds 8: 6 
0-11, 13 





carbon cycle 8: 
carbon dating 15: 15 
carbon dioxide 1: 23, 28, 2: Fe 
30,31, 3: 12, 19, 26, 43, 49, 
38, 39, 8: 10, 11. 
18, 1428, 42: 14.15. 
41 
carbon dioxide. radioactive 15: 14 
carbon-14 11: 6, 15: 7. 10. 16, 17, 
19 
carbonic acid 1: 28-29, 3 
(Carboniferous Pericd 8; 
carbon monoxide 4: 24, 
9. 6:3. 8: 16-1 
24 











2 12 











10: 8,12: 13. 








carbon rod 4: 41 

carbon tetrachloride 142 30 
cathon=12 15: 7 
carbonyl compounds 8: 2 
carborundum 
carboxylic aad 
camelhan 9: 13 
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cassiterite 1 
cast iron 42 24, 28, 29 
iA 
Castner, Hamilton 2; 26 
Castner-Kellner ell 6: 33 
Cistner-Kellner process 14: 18-19 
catalyst 1212, 13, 17, 8: 27, 012 17, 





caving 6: 











13: 22, 28 

catalytic converter 12: 41, 8: 16, 
10: 53 

cathode 2: 23, 27, 3: 37, 42 41, 





6: 12, 13, 7: 18, 19, 102 11 
cathode ray tube 6: 42 
cathodic protection 

124,32, 33. 
cathodic protector 72 25 
cation 2: 15, 35, 3: 29 





7, 32, 33, 





cavstie 

caustic 26, 32, 4, 35, 
7 

‘eaves, cave formations and caverns 
a: 14 

Cd 6: 5,45 

coll 613 


celluloye 8: 18, 31, 38, 12: 14 
cellulose acetate 8: St 
cellulose nitrate 





ceranme 9 29, 31 

Cerenkov radiation 15: 45 

cerise 10: 50 

coruysite 10: 7 

cesmum147 153 39 

CFCs see chlorofluorocarbons 

chain silicates 

chalcedony 

chalcopyrite 5: 6, 13: 12 

chalk 3: 4, 10 

chalk 8: 10 

charcoal 23,11 

charge, furnace 4: 24, 

chemical bonds 8: 7 

Chemobyl 15: 37 

china cay 9: 26, 28 

chlorates 14; 24 

chloride wons 1: 34, 2: 9, 22, 26, 
14: 8, 20 

chlonnated hydrocarbons 14: 30, 

chlonnanon 14: 11 

chlorine 2: 15, 2:7, 1 
6: 33, 8: 33, 0 
40, 14: 5, 6, 8, 10-35, 38, 39, 
“4 

chloroethylene 8: 33, 14: 23 

chlorafluorocarbons 12: 12, 142 38, 
39 

chloroform 14:5, 

chlorophyll 3: 34 

cholefa 14: 16 

chromatography 7: 35, 8: 20 

chrome 12: 32 

chrome alloys 4: 36 

chrome oxide 4: 

chrome steel 4: 36 

chromic acid 4: 37 




















chromic oxide 4: 37 

chromite 4: 36 

chromium 4: 5, 34, 35, 36, 37, 45, 
9:29 

chromium oxide 11: 24, 25 

chromium IIL oxide 4: 39 


cinnabar 6: 5, 26 








carcut 9: 





eunie acid 1: 18, 30, 31 
citrine 9: 12 








clay 3: 29, 7:7, 8, 34, 36, 9: 26, 


cobalt hydroxide 1: 33 
cobalt sulfide 13: 24 
t-60) 155 17, 27, 43 








25, 27, 5: 11, 10: 10, 
12: 24, 26, 29, 1 
collector 9: 36 
color 3: 8, 10 
combustion 14: 39, 12: 34, 38, 
13: 14 
compou 47,41 
}: 20, 7, 50, 11: 39, 41, 
12: 15, 35, 39, 13: 15 
Comstock Lode 5: 30, 31 
concentrated sent ts 19 
conchoidal fracture 9 15, 
concrete 3: 5, 23, 15: 9, 35 
condensation nucler M4: $, 40 
condensation polymers 8: 36-37 
conduction, electrical 2: 
6, 72 28,1259 
conduction, heat 5: 15, 7: 29, 30, 
‘1 
Contact process 13: 
control rods 15: 34, 35 
copper t: 12, 29, 2: 23, 4:6, 7. 40, 
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5:4, 0-27, 44, 6: 8, 10, 12. 
20, 22, 37, 7: 4, 22, 28, 8: 17, 
10: 11, 15, 41, 11: 5. 30, 37, 


Leo 28, 29, 14: 12 
copper carbonate 5: 6, 7. 26, 27 
is: 4 
copper chlorate 14: 24 
copper chlonde 14: 12 
copper complex 5: 27, 13: 37 
copper deficiency 5: 22 
copper hydroxide 












33, 

copper nitrate 5: 14, 26, 11:31 

copper ores 5: 6-7. 10 

copper oxide 5:8, 9, 11, 24, 26, 
17,4 

copper sulfate 








12: 28, 13: 32, 34-3 
copper sulfide 5: 
13; 12. 13 
coral 3: 4,9, 10 
corrosion 1: 9, 26, 36, 3: 13, 
4: 6, 7, 8,9, 10, 32, 35, 
21, 6: 16, 7: 14, 
, 12: 30, 32 
corundum 7: 6, 9, 12: 11 
cosmetics 10: 30 
cosmic radiation 15: 10, 14, 15 
covalent bond I: 11 
Cr 4:5, 45 
cracking 1: 14, 15, 8: 26, 27 
crash-cooling 13: 7, 45 


















cross-linking 8: 34 
crude oil 1: 14, 15, 8: 24, 25, 26, 












77,44 

exyogemics 1: 41 

exyobte 7: 18 

crystal 2: 8, 9, 13, 0, 11, 
12, 13, 14, 15, 20, 21, 24, 25, 
28, 29, 37 


crystals 3: 8, 42 13. 52 24, 7: 6, 16, 
8-9, 13: 10-11, 33, 14: 8 

CS gas 14: 26 

Cu 5: 4,44 

cubic 9 20 

cubic crystal 2: 8, 9, 
13: 12, 13,15 

cuble zirconia 

cure 15: 13, 2 

Curie, Mane and Pierre 15: 5, 22, 
B 

cunng 2: 2 

currency 5: 41 

current 9: 34 

cyanide 14: 26 

cyclotnmethylenetnnitramine 
u 

Czochralski method 9: 35 
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Daniell cell 6: 13 
Daniell, John 6: 12 
Darby, Abraham 4: 5 
DDT 8: 42. 14: 29, 


19, 

















decor 
decrepitati 2 
deflagrating spoon 13: 14 
dehydrating agent 13: 26 
dehydration 1: 24, 
deionized 1: 10 
denitrifying bacteria 11: 23 
dental 14: 5 

desalination 2: 14 

desert roses 3: 8, 13: 13 

dete: 7, 40, 3: 40, 12: 21 












deuterium 1: 30, 38 
deuterium-tritium fusion 15: 30 
dialysis 22 19 
diamond 7: 6, 8: 8, 9: 12, 13, 24, 
14: 37 
diaphragm (electrolysis) 2: 26 
diaphragm cell 1: 14, 14: 18, 20, 21, 
dictilorodiethyl sulfide 13: 40 
dichloromethane 142 31 
die-casting 6: 22 
diesel 
dilute aad 1: 19 
diode 9: 34, 35, 37 
dioxins 14: 29 
diphosphine 11: 39, 
discharge tube 
disinfectant 4: 42, 1: 12, 1 
displacement reaction 14: 41 


dissociate 1: 11, 19, 30, 31, 32, 


























dissolve 2: 25, 
dissolving, aluminum 7: 14-15 
distillation 8: 25 

distilling nitrogen 11: 8 

DNA 1:8, 9 

dolomite 3: 5, 37, 10:7, 12: 27 








doping 9: 35 
Downs process 2: 26, 14: 19 
dry ammonia 11: 14 

dry batteries (cell) 6: 5, 14 
dry cell 4: 41 

dey cleaning 14: 30, 

dry ie 8: 14 

dry zincsilver battery 6: 13 
duralumuin 7: 23 

dyes I: 24, 7: 37 

dynamite 112 13, 27, 28 


E 

ebonite 13: 38 
electrical cable 7: 28 
electrical conduction 2: 23, 23 
electrical conductor 5: 16 
electne are process 4: 50 
electricity 9 34 
electrode 3: 37,4: 11,41, 6: 12, 

13,7525 
electrolysis 











0, 11, 15, 2: 23, 
1,37, )5248h 18, 
8, 19, 12: 28, 142 19, 
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41, 
19, 
30, 31, 


electrolyte 1: M1, 
6: 12, 13, 14, 15, 33, 







14. 

electrolytic cell 72 18, 19, 43, 45 

electron 1-15; 44, 1; 36, 38, 39, 
3:47, 5: 16, 6: 10, 12,13. 
9: 34, 45, 10: 20, 15: 6, 7, 8 

electron shell 14: 6 

electromes 9: 36 

electroplating 4: 37, 7: 26 

electrostatic precipitatory 13: 23 

clement 1-15: 4 

elements, ongin of 15: 7 

emerald 4: 36, 9: 12, 22, 12: 10 

emery 7:6 

mutter 9: 56 

emulsion 42 38, 5: 32, 14243 

enriched uranium 1 

environmental damage 11: 43 

environmental impact 8: 42-43 

Epsom salts 13: 32 

equations 1-15: 48-49 

esters 15 30, 8: 29, 41 

ethane 8: 28 

ethanol 8: 28 

ethyl acetate 8: 29 



























ethylene 1: 14, 8: 27, 29, 32, 33, 
13: 40, 14: 10, 22, 23 
ethylene glycol 8: 37, 12: 36, 37 





ethyl ethanoate 8: 29, 
ethyne 8: 29 
evaporated 14: 8 
evaporation 2: 11, 12, 
exothermic 1: 24, 14: 12 
exothermic reaction 2: 34, 35, 
12: 14, 36 
explosives 14: 24, 1 
extrusion 7: 20, 3 
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fallout, nuclear 15:39 

fast reactor core 15: 

fat 1 30, 

Fe 4:4, 44 

feldspar 2: 8, 41, 7: 7, 10, 9: 10, 11, 
26, 28 

Fenm, Enrico 15: 33 

fernc hydromde 4: 33, 4: 14 











24-29, 36 














ferric oxide 4: 11 
ferrocyanide 4: 15 
ferrous 4: 14 

ferrous hydroxide 4: 15 





fertilizer 1: 16, 24. 26, 2: 5, 40, 
11: 12, 13, 20-21, 36, 13: 17, 
29, 43 


film badge 15: 12 

fire extinguishers 7: 38, 8: 15. 

fireworks 11: 26 

firing 9: 28 

fission 15: 28-29, 34 

fission bomb 15: 38 

fixing 5: 32 

fixing nitrogen 14; 16-19 

Fl 14: 4, 45 

flame retardants 12: 35 

float glass 9: 40-41 

floceulate 3: 25 

flotation 5: 10, 11 

flowstone 3: 14 

fluorescence 14: 9 

fluorescent hghts 6: 35, 42 

fluorescent tube 

fluonde 14: 4, 5, 37 

fluorine 1: 8, 8: 33, 12: 10, 14: 4,5, 
6,8, 36-37, 38, 45 

fluonte 14:9 

fluoroethylene 14: 23 

fluorspar 3: 8, 14: 36 

flux 6: 17, 25, 10: 42, 14: 36 

food chain 6: 39 

fool's gold 4: 18, 13: 

forged 4; 28 

formaldehyde 8: 28 

formalin 8: 28 

Fort Knox 5: 41 

fossil 3: 11 

fossil fuels 3: 13, 8: 11, 12, 13: 5, 16 

fossy jaw 11: 38 

fractional distillation 11: 8, 9, 12: 17 

onation 8: 24-27 

fractionation column 8: 25, 11: 8 

fractionation tower 1: 14, 

fractions 8: 25, 26 

framework silicate 9: 14, 15 

Frasch process 13: 16, 17 

Fravch, Herman 13: 16 

freezing point, water 2: 24 

freon 14: 38 

froth flotation process 6: 8, 10: 11 

fucus red 6: 38 

fuel 1: 6,7 

fuel element 15: 26, 44 

fuel rod 15: 5, 33, 34, 

fuming mitric acid 1: 26, 6: 28 

fungicide 5: 22, 23, 6: 24, 25, 
14: 28 

furnace 4: 30,7: 45 

fused silica 9: 38 

fusion 1: 6, 7, 15: 30-31 

fusion bomb 15: 38 
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galena 10: 6, 7, 30, 13: 
gallium arsenide 6: 42 
galvanic cell 6: 13 
Galvani, Luigi 6: 11, 16 
galvanized iron 4: 10 
galvanizing 6: 16-17, 12: 32, 
gamma radiation 15: 8, 9, 15, 42 
gamma rays 15: 8 

gangue 5: 11, 6:9, 10: 11, 12 
gamet 4: 40, 9: 20 
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gametiferous mica-schist 9: 20 





gas tr 

gas oil 1: 14 

gasoline 27, 10: 4, 32 
geiger counter (Geiger-Muller tube) 


15: 12, 13,21 
Geiger, Hans 15: 12 
gelatin 5: 32 
gelatinous precipitate 4: 15, 13: 36 
gemstone 7: 8, 9, 9: 12, 
geysers 3: 17, 13: 
gilding metals 5: 18 
glass 2: 30, 40, 3: 22, 4: 40, 9: 15, 
23, 30, 38, 40, 41, 10: 26, 27 
ghiss-ceramic 9: 30) 
Glauber’s salt 13: 32, 33 
glaze 4: 38, 10: 24, 25 
global warming 
glucose 
glycerol 
glycerol tnitrate 8: 
goiter 14: 40. 
gold 5: 5, 28, 36-43, 45, 
39, 9: 16, 10: 7, 11,1 
gold leaf 5: 40 
gold plating 5: 43 
gold rush 5: 37, 38 
Goodyear, Charles 
grains 9: 21 
granite 2: 8, 41, 7: 6, 10, 9: 1 
18, 23 


































5, 13: 38 





1,20, 





2, 14: 18, 





graphite 7: 
19 

green gold 5: 42 

Greenhouse Effect 7: 41, 8: 12, 42 

greenhouse gas 7: 40, 

green vitriol 1 

Guinea 7: 11 

guncotton 1 

gunpowder 

gypsum 
13. 













H4s5,44 
Haber-Bosch process 1: 16, 17 
11: 16 
half-life 15: 16-17, 18 
halides 5: 33, 14: 8 
halite 2: 8. 9. 14: 8,9 
Hall, Charles Maran 7: 12 
Hall-Héroult process 7: 19 
halogens 2: 40, 8: 23, 14: 4, 5, 6,22 
halothane 14: 5 
hard water 3: 38, 40 
He 1:5, 44 
heart 2: 41 
heat conduction 5: 15 
heavy water 
helium 38, 39, 40, 41, 44. 
15: 25, 30, 42 
hematite 4: 12, 13, 1 
hemoglobin 12: 15, 
Henckel, Johann 6: 8 
herbicides 8: 42 
Héroult, Paul L. T_7: 12 
hexagonal crystal 9: 10, 
hexandioic acid 8: 36 
hexan-dioyl chlonde 8: 38 
Hg 6:5. 44 
high-level waste 15: 40 
Hiroshima 15: 38 
Hoffinan’s voltameter 1: 10. 11, 
12: 18 















12:11 














hot springs 3: 
hydrated 13: 35 
hydrated, lime 
hydrocarbons 8: 





24-25, 29, 





hydrochloric acid 1: 12, 13, 18, 
28, 34, 35, 3: 34, 4 
6: 11, 28, 8: 15, 11: 36, 
0, 11, 13, 15, 17, 
32, 33, 34, 35 
hydroelectric power 7: 13 
hydrofluoric acid 14: 37 
hydrogen 1: 4, 11, 14, 17, 16, 44. 
2: 6, 27, 42, 















hydrogen bonding 
hydrogen chlonde 
33,44 
hydrogen fluoride 14: 37 
hydrogen gas 6: 11 
hydrogen ions 1: 10, 20, 32, 34, 36, 
12:9, 19 
hydrogen peroxide 12: 
hydrogen sulfide 1: 27, 
5: 29, 34, 6: 40, 1 
24-25, 25, 37, 4 
hydrogen-3 (tritium) 15: 17 
hydrometer 13: 31 
hydrophilic 2: 37 
hydrophobic 2: 
hydrothermal deposits 5: 36, 10: 6 
hydrothermal veins 5: 30, 6: 6 
hydrothermal vents 13: 8 
hydrous 4: 13 
hydroxide ions 1: 10, 11, 20, 32, 34, 
3:25, 29,1 
hypochlorous acid 14: 17 
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114: 5, 44 

ice 1: 8 

ice, prevention 2: 24 

Iceland Spar 3: 

igneous rock 9: 11, 18, 20, 21, 23, 

1 

incandescent lights 1 

incendiary device 1 

indicator 13 21, 35. 2: 6, 7, 42 6, 
Me 15, 12: 18 

induction period 12: 36, 37 

inert 1: 39 

inert gas 

infrared radiation 1 


inorganic chemicals 8: 5 









242, 43, 1s 1 











insoluble 1) 

insulator 9: 34 

intermediate level waste 15: 40 

internal combustion engine 
12: 

iodine 14: 5, 6. 8. 

iodine-131 1! 

ion 1: 11,34, 
3: 29, 41, 4: 19, 
1: 43, 15: 12 

ionization 15: 12 

ionize 12: 9 

iomized 1: 11 

ions 7: 18, 9: 26, 38 

indium 5: 28. 





16, 





9, 40-41, 44 

















iron 1: 26, 3: 36, 4: 4, 19,44, 
7:24. 9: 29, 41_43, 10: 38, 
39, 11: 17, 12: 26, 27, 30, 34 

sron chloride 4: 14, 15 

tron filings 4: 7 

ron foundry 4: 29 

ron hydroxide 42 11, 14, 15, 12: 31 

iron ore 4: 13, 17, 22, 25, 27 

iron oxide 7: 16, 8: 17, 9: 13, 18, 

















19; 14: 42, 12: 11, 23, 26, 32, 
34 

iron oxides 4; 11, 12, 13, 14, 15, 16, 
22, 24,27, 30, 40, 





iron sulfate 4:7, 15, 13: 15, 32 
iron sulfide 8, 19, 21, 13:1 
iron III compounds 4: 14 

iron III hydroxide 1: 33, 4: 11, 14 
iron I compounds 
iron I hydroxide 
irradiation 15; 42-43 
irngation 2: 

















isoprene 8: 
isotope 1: 44, 11: 6, 13: 4,7 


jade 9: 12, 24 

Jamaica 7: 11 

jasper 92 13 

jet engines 9 30 
jewelry 5: 28, 40, 8: 8 
junction diode 92 34, 35 
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K2:5,45 
kaohinite 7: 7, 9: 26, 2! 
karst 3: 11 

Kellner, Karl 2: 26 





kerosene 1: 14, 
kidneys 2: 19, 41 
kiln 9: 28, 29 
KLEA 14; 39 
knocking 1 
Kr1 45 
Krugerrand 5: 41 

krypton 1: 38, 39, 42,43, 45 
Kxypton-92 15: 28 

kyamite 9: 21 














Jlampblack 8: 22 
laverite 42.17, 7: 11 





latex 8: 34 

lather 3: 38 

lattice 5: 16 

lava 3: 8, 9: 11, 15, 21, 23, 25 
Lawes, John 13: 43 

lead 4, 6-33, 40, 44, 





13: 30, 15: 9, 10, 11 

lead-acid battery 6: 13, 10: 28, 29, 
13: 30-31 

lead carbonate 10: 7, 24 

lead chamber process 10: 17 

Jead chromate 4:39 

lead dioxide 10: 18, 28, 29, 12: 22. 
13: 30 

lead 1V oxide 11 

Teaded fixel 10: 

leaded glass 1 

lead flashing 10: 23 

lead hydroxide 10: 31 

Tead in fuels 10: 32 

lead iodide 10 

lead monoxide 10: 8, 10, 18, 21, 
12: 22 
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Jead nitrate 4: 39, 10: 20, 21, 45, 
1: 32, 33, 13: 24 

lead oxide 10: 18, 26, 

lead pipes 10: 22 

lead possoning 10: 14, 31 

lead shor 10: 14, 15 

Iead silicate 10 

lead sulfate 10: 
13: 32 

lead sulfide 10: 7, 10, 13, 30, 
13: 12, 24 

lead [1 oxide 10: 8, 18 

Leblanc, Nicolas 2:28 

Leclanché cell 6: 14 

Leclinché, Georges 6: 14 

legumes 1 

Les Bauy 7: 1 

leukemia 15: 23, 27 

Liberty Bell 5: 21 

Tighe 14: 7 

Highe-enitting diode (LED) 9: 34, 35 

lighthouse 6: 31 

lightning Ms 6, 7, 22 

Jug Be 18 






























lime Vz 32, 2: 29, 3: 22, 24. 42 30, 








limestone tock 142 35, 


limewater 3: 7, 26 
limonite 4: 13, 15 

liquefied petroleum gas (LPG) 8; 27 
Jigund air 12: 17 

Liquid erystal diyplay (LOD) 9 37 
ligoid nitrogen 11: 8, 9 

litharge 10: 8) 18 

lionuy 1 21, Me 15 

liunus paper 1: 20 

lode 5: 30, 36, 10: 34, 35 
lodestone 4: 12 

low-level waste 19: 41 

lubricating ott Bs 
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Macintosh, Charles 8: 35 

magma $2 30, 6: 6, 9: 16, 21, 23, 
25, 29, 43, 10: 6, 34 

magoia chamber 9 43 

magnesium fz 18, 36, 32 5, 437 








muagnestum carbonate 3: 37. 43 
magnesium hydroxide 1s 32, 3: 42, 
43 
magnesium ions 3: 34, 40 
magnesium Oxide 3: 37 
magnesium abbon 3: 34. 37 
magnesium silicate 9 2 
magnesium sulfate 1 
nuagnetic flea 42 39 
magnetic properties 4: 20, 44, 45 
magnetite 4: 12 
malachite 5: 
mallee 2:17 
manganese 43 5, 34, 40-43, 45, 
7: ), 29, 41, 43 
manganese carbonate 4: 42 
manganese chloride 142 11 
manganese dioxide 6: 15 
manganese nodules 4: 41 
manganese oxide 4: 40, 41, 43 




















manganese sulfate 4: 42 

manganese sulfide 4: 40 

16, 17 

manure 1: 20 

marble 3:4, 18 

Marram grass 22 17 

massicot 10: 18, 12: 22 

matches 11: 38, 40, 41, 142 25 

medicines 13: 42 

membrane 2: 15, 

“memory” brass 5: 1 

Mendeleev, Dmitry Ivanovich 
1-15: 46 

mieaiseny 

mercuric chlonde 6: 32 

mercuric chromate 6: 29 





‘mangrove 












smercunie nitrate 
smercunte oxide 6: 
smercunie sulfide 
myercurochrome 6: 32, 38 





mercurous chloride 
mercury 1 35, 42, 6: 5, 20- 
39, 44, 7: 22, Mz 37, 14: 18 
mercury amalgam 14: 19 
mercury battery 6: 32 
mercory cathode cell 6: 33, 1 
” 
mercury cell 6: 15, 35 
mercury poisoning 6: 38 
mercury vapor lamps 6: 34 
metal 1: 12, 32. 36, 2: 6, 42, 3: 
$4, 45, 4244, 45, 72 45, 9; 20, 
26, 34, 15: 44 
metal oxides 1: 32 














metamonphic rock 9: 20, 23, 24 
metcontes 4: 12 

methane 8: 6, 24, 28 
methanol ts 4 

methyl benzene 13: 10, 143 
2 3 











methylene chloride 
methyl group 9: 32 
methylmercury 6: 39 





methyl orange 1: 21, 35 
Mg 3:5, 45 





microorganisms 14: 16 








microprocessors 
mild steel 4: 32, 33, 34 
Milk 





mineral seid 17 18, 19, 24, 25, 


13: 26, 27 











mining 2: 12, 5: 10, 30, 
10-11, 10: 6, 7, 12, 34. 36 

murrors 5: 34, 5 

muxture 4: 20 

Mn 4:5, 45 

molecule 2: 19, 27, 9: 11, 12: 9, 


13:6 
molybdenum 4: 34, 13: 12 
monoclinic crystal 13: 10, 11. 13 
monomer 13: 38, 39, 8: 32, 33 
monoxide gas 10: 100 
mordant 7: 
mortar 3: 
MOSFETs (metal oxide 
semiconductor field effect 
transistors) 9: 
mullite 9: 29 














mmurex 14: 42 
mmuriatic aad 14: 34 
muscles 2: 41 
muscovite 7: 6, 9: 26, 27 
mustard gas 13: 40, 1 





N 


N14, 44 
Nadi 4 44 
Nagasaki 1 
nail-polish 8: 
nail-polish remover 8: 29, 31 
naphtha 1: 14 
napping 9: 14 
native copper 5: 
native gold 5: 36 

native meual 4: 12, 13 
nanive silver 5: 30 
natural gas 8: 10, 13, 24 
negative terminal 6: 14 
Ne 1:5, 45 

neon 1: 38, 40, 45) 
‘neon’ hights 2: 39 

neon tubes 1: 40, 
nerve cells 2: 
neutral 1: 20, 34 

neutralization 1: 34-35, 2: 51,33 
neutralize 3: 21, 25, 43 

neutron In15: 44, 15: 7, 8, 28 
nentron radiation 15: 
nickel 4: 34, 36, 41, 5: 40, 7: 22 
nuckel-cadmium cell 6: 41 
nickel sulfide 13: 12, 25 
Nightingale, Florence 14: 16 
niobium-101 15: 29 

nuteate fertilizer 1 
ratrates 11 
itn acid 
























22-26, 27, 37. 

28,7: 33, 11 
6,7, 13, 30, 33, 36-37 

nitric acid, fummng $: 14 

nitric oxide 1 24 
35, 37, 12: 42, 43 

nitrifying bacteria 11: 23 

nitrocellulose 113 27 

nitrogen 1: 8, 16, 17, 42, & 6, 36, 
MMs 4-37, 44, 12; 17, 15: 10 

nitrogen cycle 11: 22-25 

nitrogen dioxide 1: 26, 37, 6: 28, 
10: 17, 21, 11:5, 7, 30-33, 
34, 35, 37, 12: 13, 41, 42, 43 

nitrogen-fixing bacteria 11: 18 

nitrogen-fixing nodules 11; 19 

nitrogen oxides 7: 40, 43 

nitroglycenn 8: 6, 11: 27 

nitrous oxide 14: 34 

Nobel, Alfred 11: 

noble gases 12 5, 38-39, 11: 

noble metals 5: 28, 6: 28 

nonmeral 8: 44 

nonstick 14: 37 

Novocame 

NO, 11: 34-3: 

n-type region 9: 34 

nuclear accidents 15: 36-37 

nuclear energy (nuclear power) 1: 6, 
15: 32-33 

nuclear fasion 1: 6 

nuclear power station 15: 32 

nuclear reactions 15: 4, 7 

nuclear reactors 13: 34-35 

nuclear waste 15: 40 

nuclear weapons 15: 38 

nucleons 9:44 





































nucleus 9: 44, 15:4, 6, 7.8 
nugget 5:36, 37 

nutrients 2: 16, 18, 20 
nylon 8: 31, 36, 37, 38, 39 


oO 





O12: 4,44 

obsidian 9: 15 

ocher 42 15 

octane 1: 14 

‘octane numbers 10: 32 

Oersted, Hans Christian 7: 12 

oil 8: 10, 13 

oils 1; 30, 

coil spill 8: 42 

il-storage tanks 3: 37 

olivine 9: 21. 27 

1,6-diaminobexane 

oolitic limestone 3: 10 

opal 9: 14 

oral rehydration 2: 18 

orbital shells 1-15: 44 

ore 3: 10, 42 13, 17, 18, 24, 27, 
5:8, 6; 6,8, 75 10, 11, 13, 10; 
6, 8, 10, 34, 35, 36, 13: 12, 15, 

ore-flotition 5: 1 

congamic acid 13 18, 19, 30, 31, 22 30, 
3:39 

organic chemicals 8: 

organic compounds 8: 

dongame solvents 14:7 

‘onganochloride 14: 28, 29 

oscillator 9: 37 

osmosis 25 14615, 16, 17, 19, 25 

‘oyalic acid 12 30 

oxidanen 3: 
M1, 6: 14, 8: 10, 11, 18, 
12: 6, 14, 24, 25, 26, 34, 36, 
44: 11, 14, 15, 16 

oxide 4: 8,9, 17, 7: 7, 8 14, 24, 26, 
94, 34, 35, 10: 8, 12: 10, 22, 
W 

oxidization 10: 11 

oxidize 4: 8, 16, 27, 30, 31, 40, 
13: 20 

oxidizing agent 4: 42, 43, 

















20, 42, 43, 
28 

















oxyacetylene 12: 16, 39 

oxygen 1: 8, 10, 11, 2:43, 429) 11, 
12, 14, 16, 22, 23, 30, 40, 41, 
7: 6, 38, 39, 8: 10, 11, 18, 28, 
9: 9, 10, 26, 4.11: 7,, 
33, 35, 1 ). 17, 44, 
13: 14, 14: 24, 25 

oxygen cycle 12: 14 

oxygen, test for the presence 12: 44 

orone 41: 35, 12: 6,12, 13, 42, 43, 
44, 14: 38, 39 

‘ozone layer 14: 38 


P 
Pits 4.44 
potype region 9: 34 
painkallers 14:5 
paint 6: 19, 1 
paint stripper 14: 31 
palladium 5: 28, 12: 41 
panning 5: 39 
paraquat 14: 29 
Parkes, Alexander 8: 51 
Parkes process 10: 10, 11 
patina 1:29, 5:4, 6, 27 
Pb 10: 4, 44 
PBB see polybrominated biphenyls 











45,1 








25, 12: 21, 32 
























































PCBs sev polychlorinated biphenyls 

pearl 3:4 

pehtaerythrite tetranitrate 11: 27 

perchloric acid 12: 39 

percolate 3: 14. 15, 

Penodic Table 1: 36, 38, 40, 46-47, 
1-15; 4647 

permanent hardness 3: 38 

pesticide 2: 30, 6: 24, 25, 8: 42, 
13: 42, 14: 28, 29 

Pete Bog 15: 18 

PETN 11: 27 

pettochemical plant 8: 26, 29. 44 

petrochemicals 8: 26 

petroleum 8: 7, 

Pewter 10: 40 

pH 1: 20, 21, 28, 

phenolphthalein 1: 21. 2: 6,7. 
11: 15, 

phosgene 14: 

phosphates 11: 42 

phosphine gas 11: 39 

phosphor 6: 

phosphor bronze 5: 

phosphoric acid 10: 24, 11: 42. 
12: 32 

phosphorus 3: 40, 5: 20, 9: 34, 
10: 41, 1125, 4 

phosphorus oxide 11: 39 

phosphorus, red 14: 25 

photochemical smog 12: 42 

photoelectric cell 6: 5, 42, 43 

photoelectric properties 10: 20 

photographer's hyp® 5: 33. 13: 33, 
14: 43, 

photographic films 

photography 5: 

photon 6: 43 

photosynthesis 8: 10), 11, 12: 6, 14 

photovoltaic cell 6: 42 

pickling 2: 25. 

piezoelectric effect 

pig iron 43 24, 27, 28, 30 

pigment 4: 38, 6: 

pitchblende 15: 

placer deposit 5: 39. 10: 36 

plaster 32.5, 31 

Plaster of Paris 3: 31, 13: 12. 

plastic 8: 30-31. 43 

plastic, properties 8: 30 

plastics 14: 22, 23. 

plastic sulfur 13: 7 

plannum 5: 28, 1 
12: 41, 14: 20 

playa lakes 14: 8. 9 

playas 2: 10 

plumbing 10: 22 

plutonium 15: 26. 34. 35, 38 

poison 6: 32. 11: 38 

poison gas 14: 26 

pollutants 7: 42. 14: 16 

pollute 11: 20 

pollution 2: 20-21, 33, 
10: 12, 12: 40, 42, 13: 18, 19, 
22; 23,15: 20 

polonium 15: 23, 

polonium-210 15: 17 

polybrominated biphenyls 1. 

polychlorinated biphenyls 14: 28 

polychloroethylene 8: 33, 14: 10, 
22,23 

polyester 8: 31, 36, 37. 40. 41 

polyethylene 8: 31. 32, 14: 23 

polyfluoroethylene 14: 22, 23. 





































33, 11: 































polymer 2: 26, 9: 33. 13: 38, 39, 
14: 23,36 

polymerization 8: 
14: 22, 9: 4.32 

polymers 8: 30-41 

polystyrene 8: 31, 33, 

polytetrafluoroethvlene 
14: 36. 37 

polyvinyl benzene 8: 

polyvinyl chloride 8: 33, 
polychloroethylene 

polyvinyl fluoride see 
palyfluorocthylene 

porous 3: 10, 4:9 

porous bronze 5: 20 

Pordand cement 3: 23 

positive terminal 6: 1+ 

potash 2: 40 

potash salts 2: 41 

potassium 2: 5, 40-43, 45, 4: 6, 
7: 6, 1,26 

potassium carbonate 2: 40 

potassium chlorate 11: 41, 1 
5 

potassium chloride 6: 15, 14: 11 

potassium chromate 4: 38, 39, 6: 29 

potassium dichromate 4: 38 

potassium—40 15: 11 

potassium hydroxide 2: 42, 4: 43, 
6:15 

potassium iodide 14: 41 

porassium manganate 4: 42, 43, 
142 15 

potassium metal 2: 42 

potassium nitrate 1:27, 2: 40, 41, 
42, 43, 4: 42, 43, 11: 4, 21, 
26, 36, 12: 44, 13: 41 

potassium nitrite 2: 43 

potassium permanganate 4: 42, 43, 
12: 21, 36, 37, 14: 10 

potassium phosphate 2: 40 

potassium sulfate 2: 40 

pottery 9: 28 

power stations 13: 22 

precious metal 5: 28, 10: 16 

precipitate 3: 7. 16, 26. 38, 4: 39, 
41, 13: 23, 36, 3 

precipitation 3: 14, 14: $ 

preservatives 13: 42 

preserving 

primary dry battery 6: 15, 

printed circuits 5: 17 

procaine hydrochlonde 14: 5 

protein chain & 36 

proteins 8: 10, 18, 36, 11: 4 

protons 1-15: 44, 3: 47, 9: 44, 
15:7,8 

prissian blue 4: 15 

Pu 13:5, 44 

PTFE 8: 33 

PVC 8:33 see also 
polychloroethylene 

PVF ste polyfluoroethylene 

pyrite 42 18.19, 21. 10: 17. 13: 12. 
13. 15, 16, 24 

pyrolusite 





9, 13: 39. 


























24, 

















































radianon 1: 7,10: 26, 31, 15: 8. 
42,43 
radiation sickness 15: 42 







tadiation therapy 15: 
radioactive decay 15: If 
radioactive decay, graph 15: 16 








radioactive elements 15: 4. 6, 26-27 
radioactive isotopes 1: 42 
radioactive tracers 15: 20-21 


radioactivity 15: 





36 


radon 1: 38, 39, 42, 43, 45, 





Ramsay, Sir William 1: 
rate of chemical reaction 2: 24 
Ravenscroft 10: 22 
rayon 8: 38 

RDX 11: 27.28 
reaction 3: 6 

reactivity 2: 7, 42.427, 
















10: 16, 11: 10, 14 
reactivity series 1: 36, 2: 7, 3: 36, 





reeycling 7: 40 
red gold 5: 42 
red lead 10: 1 
red mud 7: 1 
red mud pollution 7: 42 

red phosphorus 11: 38, 40-41 
redox reaction 12: 24. 25 
reduced 4: 24, 10:8 
reducing 14: 14 












reducing agent 4: 25, 27, 5: 8, 34, 
8: 16, 17, 13: 20, 24 
reduction 4: 11, 23, 5: 8, 9, 7: 18, 


12: 24, 25, 26, 13: 20 
refining 3: 12. 31, 39, 

7: 12, 18-19, 12: 28, 29 
refining metals 1: 4 
reflection 7: 
refrigerants 14: 38, 39 
reffigeration 11: 12 
refrigerator 14: 38, 39 
Reims cathedral 3: 13 
reinforced concrete 
rem (roentgen equivalent in man) 

1 
reprocesed uranium billet 1 
reprocesing. uranium 13: 
1, 12: 20 


























resin 





resistors 9: 
respiration 8: 10, 12: 14 
1 





reverse osmosis 
Rhuzobium 11: 18 
thodium 5: 42 


thombic crystal 13: 5, 10. 11 











must 4: 7, 8-11, 35, 7: 24, 10: 38, 

39, 12: 30,32 
must-inhibitor 11: 42 
Rutherford. Emest 1 


S13: 4,44 
sacrificial anode 6: 18, 
salicylic acid 1: 30 














saline solution 2: 9, 18, 19 
salinization 2: 20, 21 





14:8, 9, 19, 34 
salt bridge 6: 13. 14 








saltbush 2: 17 

salt deposits 2: 8 

salt dome 14: 19, 1328 
salt pans 2: 12, 13, 40 






saltpeter 1 13:41 
salt pollution 
salts 2: 40, 41, 42 

sand 9: 38, 40 

sand dunes 9: 19 
sandstones 9: 18 
saponification 2: 34. 36, 37 
sapphire 7: 8, 9, 12: 10 
saturated 3: 6, 7 

scale 3: 10,39 

schist 9: 20 
scrubbing 2: 
scum 3:40 


20 














searsalt 2: 13 

seawater 2: 13, 44, 45, 14: 4, 9, 
40,42 

seaweed 1424, 9, 40 





secondary battery 6: 13, 13: 31 

sediment 9: 18, 21 

sedimentary rocks 9: 18 

sediments 2: 10 

selenide 9: 41 

selenium 6; 42 

semiconductor 6: 43, 9: 34, 35 

semipermeable membrane 1: 15, 
23 14, 16. 25, 6: 14, 1: 

serpentine 9: 27 

sewage systems 14: 16 

shales 7: 36 

sheet minerals 7: 7 

sheet silicate 9: 27, 29 

shells, orbital 1-15: 44 

S94 44 

silica 43 26, 9: 9, 10, 14, 16, 29, 35, 
38, 39, 42. 43, 10: 26, 11: 38. 
12:10 

silicate 4: 40, 9: 8, 9, 11, 12, 18, 
20, 2 

















silicate groups 9:9 
silicates 12: 10 
silicon 4: 29, 30. 34, 2. 
9: 4, 44. 10: 41, 12: 10 
silicon bronze 3: 21 
silicon carbide 
slicon chip 9: 4, 
silicone 9; 32.33 












9:30 












silver bromide 
silver chloride 
silver chloride battery 6: 15 
silvering 5: 34 


silver iodide 5: 32, 44: 40, 43, 

silver oxide bartery 6: 15 

silver rush 5: 30 

silver salts 5: 32 

silver sulfide $: 29, 13: 

sink holes 3: 12 

sinter 3: 17. 

sintering 93 29 

slag 4: 24, 26, 27, 30, 40, 10: 10, 
12:26 

staked lime 3: 24, 28, 14: 14 

dluice box 52 38, 10: 36 

sinelling salty 11: 12 

smelter 3,18 

sinelting 4: 24-27, 5: 11, 6: 8 

smithsonite 6: 6 

smog 1: 34, 12: 41, 42, 13: 22 

smoke detectors 15: 15 

smoky quartz 9: 12, 13 

Sn 10: 4 

soup 1: 30, 32, 22 34, 35, 

soda 2: 4, 30, 44 

sods ash 2: 29, 30, 7: 16 


soda lakes 2: 41 

sodachine glass 9: 38 

sodium Tr 36, 22 4. 6-39, 44, 7: 6, 
» 

sodiunn alin 

sod amide Hh: 29 

sod bicarbonate 
Mead ey 

sodium carbonate 
45, 7: 38, 8: 15, 9: 39, 40 

sodium chlorate 14: 14, 24, 25 

sodium chloride 12 32, 2: 6,7. 8,9 
12, 13, 23, 24, 27, 
14, 6: 33, 
919,25 

sodium hydroxide ts 30, 32, 34, 35, 
2: 6, 26, 27, 30, 32-35, 36, 4: 
44,15, 55.27, 6: 33, 41, 73 14, 
15, 16, 13: 23,25, 4: 14, 19, 
20, 21 

sodium ton Az 34, 229, 22, 3: 40, 
14:8, 

odin met 

socliuin pellet 

sodium peroxydisulfite 13: 20 

sodium, ridiowctive 15: 20) 

sodium stearate 2: 36 

soctiuim sulfate 13: 32, 43 

soctiuim sulfide 22 93 

sodium sulfite 132 20 

sodium thaosulfite 5: 33, 13: 
14:43 

sodium triphosphate 14: 44 

sodium vapor lamps 2: 4 

soil 3: 12, 6-17, 7243 

soil conditioner 3: 

solar cell 6: 42 

solder 10: 42, 43 

soldered 


soluble 1: 32, 9: 38, 

solunion 2: 23, 34, 3:12, 16, 
427.15, 17,72 15,17, 
9:13, 15 

solution mining 2: 12 

Solvay, Ernest 2: 28 

Solvay process 2: 28-29, 32 

solvent 8: 38, 29, 31, 14: 7, 30 

soot 8: 22, 14: 13 


SO, 13: 22 
space suits 7: 
spectrum 1: 
sphalerite 4: 18, 6: 6, 13: 12 
spontaneous combustion 11: 39, 
12: 36, 37 
stable 9 10 
staless steel 42 34, 35, 36 
stalacnite 3: 14 
mite 3: 14, 39, 44 
starches 8: 43 
stars 1: 6-7, 15: M1 
stanonary phase 7; 35 
3:24 
= 30-35, 6: 18, 7: 21 
33, 10: 38, 12: 32 
1 fornace 
steelmaking 12: 26 
aeerling silver 5: 28 
stomach 1: 28 
Stone Age 9 Lt 
stratosphere 1 
smnutions 42 18, 
strongacid Tr 18, 19, 20, 13: 18, 19, 
% 
strong alkalt 15 20 
strontium chlorate 14: 24 
steontim-90 15: 27, 99. 42 
strontium-94 15: 29 
styrene 8: 45, 35 
styrofoam 8: 33 
sublimation & 14, 15, 
sucrose 1: 24, 8: 19 
sugar 1: 24, 8: 10, 19 
sugars 12: 14 
sulfites 13: 12, 32-33, 43 
sulfide 10: 8 
sulfides 5: 6, 13: 8, 12, 16 
sulfites 13; 18, 32-33, 42 
sulfr 4519, 20. 21, 30, 40, 8: 34 
35, 10: 10, 12, 113 26, 13: 4 
644 
sulfur bridge 1 
sulfur choxide 2: 0, 6: 8,9, 
10: 10, 12, 17, 12: 13, 29, 
13: 5,9, 14, 16, 1-23, 28 
sulfir, flower 13: 
sulfurte acid 1: 18, 24-25, 27, 37, 2: 
33, 4: 18, 19, 42, 6: 28, 7: 36, 
19, 10: 10, 16, 17, 28, 29, 
112 36, 42, 43, 13: 16, 18, 26- 
31,34, 48 
sulfinre aead, dilute $s 24 
sulfarous acid 13: 18, 19 
sulfinr oxides 7 40, 43 
sulfar oxide 13: 19, 28, 29 
Sun 4: 6, 15: 30 
supemova 15: 31 
superphosphates 1: 24, 11: 42, 43 
superphosphate fertilizers 13: 29 
suspension 4: 38, 13: 17 
swat 
swimming pool 14: 16, 17 
swimming pool dismfectant 14: 43 
switch 6: 30 
synthetic fiber 8: 38-41 
synthetic ivory 8: 31 


AD 


table salt 14: 4, 9 
tale 9: 26 
tarnish 3: 29 
ramushing 13: 25, 


tartanic acid 1 18, 30, B: 14 


tear gas 14: 26, 
technetium 15: 20, 
teeth 3:5, 33, 14: 37 
Teflon 8: 31, 33, 14: 36 
tellunde 10: 2) 
temperature, effect of salt 2: 24 
tempering 
temporary hardness 3: 
terephthalic acid 
tetracthyl lead 10: 32 
tevrafluoroethylene 8: 
tetrahedron 8: 8, 9: 9, 10, 12: 
tetraphosphorus trisulfide 11: 41 
thermometer 6: 31 
thermoplastic 8: 33, 14: 
thoron 15: 14 
Three Mile sland 15: 36 
tiger’seye 9: 13 

36, 5: 18, 20, 6: 377: 4. 

16, 40, 10: 3443, 45, 

12: 32, 33 
tin can 7: 33 
tincture of todine M4: 40 
tun dioxide 10: 35 

yside 10: 34, 35, 36 

tin plating 10: 38, 39, 12: 33 
9: WW), 31, 14: 20 
tation 1: 34, 55 
TNT 8: 6, M1: 13, 27 
toothpaste 2: 45 
topaz 12: 10 
Tomcelli, Evangelista 6: 40 
tourmaline 9: 23 
transistor 9: 36, 37 
translucent 9 11 
tansmutnoen 15:10 
cravertne 3:8, 14, 16 
tmichloroethylene 14: 30 
trinitrotoluene 8; 6, 11; 27 
tnpod 4:43 
44, 15:8, 17, 21, 30, 38: 
tungsten 4:34 


nunium 7: 


¢ntum 


tungsten steel 4: 35 
turbines 7: 
turpenti 


U 18: 4, 44 

ultraviolet light 6: 35, 8: 30, 33, 
12: 12, 14: 39 

U sal Indicator 12 20, 12: 18 


unsaturated hydrocarbons 8: 2 
u-PVC 8: 33 

uranium 13: 24-25, 34, 34, 44 
uranium fisson 15: 

uranium hexafluonde 14: 36 
uranium oxide 15: 34 


uranium-238 1 
vurea 11: 13, 23 


Vv 


vanadium 4: 34, 12: 22 
vanadium pentoxide 13: 
vapor 

veins 4: 18, 
Venus 13: 9 
vermiculite 9: 26 


6, 30, 36, 


vinegar 

vinyl 8: 

vinyl chloride 8: 33; see also 
chloroethylene 


vinyl uoride sve fluoroethylene 
viscous 9: 43 

Vitreous 2: 9 

Volta, Alessandro 6: 12 

voltage 9: 34 

von Liebig, Justus 5: 34 
vulcanization 8: 34, 35, 13: 38-39 


Ww 
waer 9: 37 


wallboard 3: 30 

washing 3: 40 

waste glass 9: 40 

water 1:9, LO-LL, 28, 2: 6-7, 10, 
14, 15, 18, 30, 31, 34, 

, 42, 32 38, 40, 4210, 1, 

18, 8: 36, 9: 14, 26, 28, 29, 
12: 4, 8,9, 14, 15, 18, 19, 38. 

Water of erystallizinon 13: 35 

water supplies 14: 16 

water-softener 3: 40 

waterproof 9: 33 

weak 1:29, 31 

weak acid 1: 19, 20, 13: 18, 19 

weak alkalt 1 20 

weather 1; 29 

weathering 3: 12, 19, 9: 18, 19, 20, 
2 

weedkillers 142 24, 29 

welding 12: 3 

wet batteries 13: 30 

white gold 5:42 

white lead 10: 24. 30 

white phosphorus 11s 38-39 

whitewash 3: 23 

World War 18: 31, 132 40, 14: 26 

World War 1115: 38 

wrought bronze 5: 20 

wrought iron 4: 28, 29 


x 
Xe 125,45 


xenon 1: 38, 39, 42, 45, 15: 20 
xenon-140 15: 29 
X-rays 10: 26, 31, 15: 8, 14, 15, 36 


Z 


37, 4210, 41, 5: 18, 6: 4, 
6-25, 41, 44, 10: 7,11, 
12: 32, 33, 13: 8, 26, 14: 32 
vine—cadnmumn battery 6: 13 
zinc carbonate 6: 6,7 
inc cell 6: 12, 15 
zinc chloride 6: 17, 25 
zinc hydroxide 6: 41 
nc oxide 4 
zinc sulfate 6:9, 12, 25 
ane sulfide 4: 18, 6: 6, 9, 25, 13: 12 
arcon 9; a 
zircomum 9: 12.21 
Zn 6: 4, 44 
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Elements 


COPPER” 


SILVER axp GOLD 


Elements is designed to provide an accessible 
approach to chemistry. Each volume carefully 
and concisely presents the characteristics, 
behavior, occurrence, isolation, and uses of the 
most important elements and their compounds. 
Laboratory demonstrations are illustrated with 
step-by-step photographs that are linked to 
real-world applications. A wealth of 
definitions, facts, aid supporting information 
ensures that readers will never be lost in this 
challenging but essential subject. 








Elements 

Hydrogen and the Noble Gases 
Sodiunrand Potassium 
Calcium and Magnesium 
Iron, Chromium and Manganese 
Copper, Silver and*Gold 
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Alaminum 
Carbon 
. Silicon 

. Lead and Tin § 
. Nitrogen and Phosphorus 
. Oxygen 
- Sulfur 
. Chlorine, Fluorine, Bromine, and Iodine 
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